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GcRERL MT TION

Lac • :es

for overhead projectir transpaxernles (25 x 25 on). All speakers are

requested to give their slides to the prjectionist before their session.

Posters:

Poster authors are requested to put up their posters on Monday Aug 31,
7.30-8.30 a.m., ard be present by their posters on Monday eve ing between
20.00 and 21.00. Posters will be displayed tkir out the whole meeting.

Meal Times:

Breakfast .... from 07.30
Luncli Mzr~ay, Tuesday I1.00

Wednesday, Thursday 12.30
Dinr .. ............... from 18.45

Name Badges:

Particip@tnts are requested to wear their name badges at all time-s whilst
at Neva Ilan.

Secretariat and travel desk:

Will be open daily from 8.30. Please contact "Kenes" representative.

Social activities:

Several special event.s are planned:
Sunday 20.30 - Mixer Buffet
.Monday 21.15 - Lecture on the Dead Sea Scrolls
Wednesday 13.30 - Excursicn to Jenisalem
Thursday 18.00 - Closing dinner at the

Naticnal Palace Hotel Roof Top Gardens Restaurant
Jerusalem.
Participants are advised to bring
a sweater or jacket as it can be
cool in the evening in Jerusalem.

Par-ticipation in all the social events is covered by the registration fee.

Check out Time:

All participants are kindly requesfted to che c out on Friday Sept, 4 by
9.00 a.m.
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Sunday, Auggust 8Oth

18:00 Registration

20:30 Mixer

Mfonday, August 3ist

SYNAPTOGENESIS & REGULATION (1)

ChAIRMAN: S. FUCHS (Rehovot)

08:30 J.-P. CHA.NGEUX (Paris)
A molecular approach to the development of the rat neuromuscular
junction

09:00 S. ROTSHENKER (Jerusalem)
Mulkiplt modes and sites for the ,egulation of motor axonal growth

00:30 R. WVERMAN (Jerusalem)
Intracellular accumulation of acetylcholine can lead to neuronal
death

10:00 M. BRZIN (Ljubljana)
The appearance of two distinct ty,)es of subsynaptic specialization
bearing AChE activiiY in regenerating rat muscle

10:30 Coffee

11:00 U.J. McMAHAN (Stanford)
Agrin: identification and characterization

11.2- B-G. WALLACE (Stanford)
iAgrin: mechanism" of action

11:40 L. ANGLISTER (Jerusalem)
Acety•lcholinecterase in regenerating neuromuscular junctions

12:00 Z. VOGEL (Rehovot)
Role of neurotrophic factor(s) and calcium channu's in the
regulation of acetilcholinesterase in cultured museie

12:30 End of Sen'ion

13:00 Lunch

SYNAPTOGENESIS AND REGULATION (11)

CHAIRMAN: U.J. McMAHAN (Stanford)

18:00 M-m. POO (New Haven)
Earl, minutes of sayiaptoyenesir. a physicochemical view

16:30 A. SHINBERG (Ramat Gan)
Changes in the levels of acetylcholine receptors are mediated by
the calcium coneentration in the sarcoplasmic reticuluhn

17:00 Coffee



17:30 H. MEIRI (Jerusalem)
Short and long term effects of alhminum Oil synaptic transmission
and on the activity of cultured verct. cells

18:00 D. MICHAELSON (Tcl-Aviv)
Antibodies to .,holir'rie neurons in Aizheiiner's Disease

18:20 End of session

18:45 Dinner

20:00 Poster session

21.15 Lecture on the Dead Sea Scrolls, M. Broshli.

Tuesday, September lot

ACETYICHOLINESTERA-E

CHAIMRAN: M. BRZIN (Ljubljana)

08:30 J. MASSOULIE (Paris)
Molecular diversity of cholincsterases

0o:00 P. TAYLOR (La Jolla)
Molecular structures and gene. organization of the
acetylcholinesterases

09:30 R.L. ROTUN-LO (Mtiami)l
Biogenesis of acetyleholinesterase in nerves and muscle

10:00 W.R. RANDALL (Miamn)
Avian acetylcholinesterase: molecular studies on the structure and
regulation of the asymmetric forms in muscle

10:20 Coffee

10:50 B.P. DOCTOR (WVashington, DC)
Structural and immunochevuical properties of fetal bovine serum
acetylcholin esterase

11:20 H. SOREQ (Jerusalem)
Biogenegis of human choliinesterose: from gene to protein

11:50 P. DREYFUS (Jerusalem)
Structure-function reiationships in cholinesterase approached by
microinjection of Kenopus oocyics with clone-pioduced SPwmRIA

12:10 E. SCHMELL (Arlington)
Inhibition of human erythiocyte AChE by monioclonal antibodies:
evidence for novel allosteric sites

12:30 A. FUTERMAN (Rehovot)
covalently atfached phosphatidylhiositol as a membrane anchor fr
acetylcholinesterase and other membrane prottins

12:50 End of session
8-



13:00 Lunch

PRESYNAPTIC MECHANISMS (I)

CHAIRMAN: R. RAHAMNMOFF (Jerusalem)

15:30 I. PARNAS (Jerusalem)
The calcium-voltage hypothesis for neurotranamitter release

16:00 R.S. ZUCKER (Berkeley)
Preeynaptic calcium domains and voltage control of transmitter
release

18:30 R. RA.H.AMIMOFF (Jerusalem)
Short term and long term modulation of neurotransmitter release

17:00 Coffee

17:30 E. NEHER (Gottingen)
Calcium buffering and calcium measurement in single secretory
cells under patch clamp

18:00 P. GAGE (Canberra)
Neuromuscular transmission in muscles paralysed by butanedione
monoxime

18:30 End of session

18:45 Dinner

PRESYNAPTIC MECHANISMS (II)

CHAIRMAN: E. NEEHER (Gottingcn)

20:00 S.M. PARSONS (Santa Barbara)
Regulatory, molecular and pharmacological aspects of acetylcholine
storage

20:30 M. ISRAEL (Gif-sut-Yvette)
Purification of a nerve ferminal protein which mediates a calcium-
dependent acetylcholine release

21:00 H. RA-IBAMIMOFF (Jerusalem)
Molecular properties of the sodium- calcium exchanger

2L30 M.P. BLAUSTEIN (Baltimore)
Presynaptic potassium channels as the target sites of certain snake
toxins and other drugs

22:00 Y. YAARI (Jerusalem)
Presynaptic currents in vertebrate motor neive terminals

22:20 S.C. FROEHNER (Hanover)
Monoclonal antibodies to the voltage-activated calcium channel

22.40 End of session



Wednesday, September Pnd

SIGNAL TRANSDUCTION AND MODULATION

CHAIRMAN: P. TAYLOR (La Jollt)

08:30 M.E. ELDEFRAVWI (Baltimore)
Action of anticholinesterases on acetylcholine receptors

09:00 G. AMITAI (N]ess-Ziona)
Certain inuscarinic antagonists are noin-conspetitit'e inhibitors of
the n11cotinic acetylcholine receptor

00:20 E. HELDMAN (Ness-Ziona)
Binding properties Gnd transmembrane signalling in Muscari1r
acetydcholine receptor subtypes

09:40 K. SHERMAN (Springfield)
Biochemical and behavioral effects of acetylcholincsterasc ,nhibitoo
in brain

10:00 Coffee

10:30 E.X. ALBUQUERQUE (Baltimore)
Molecular basis of anticholinestcrase actions on mnicotinic and
glutamatergic synapses: peripheral and central effects

11.00 T.S. REESE (Woods Hole)

11:30 Y. HENIS (Tel-Aviv)
Role of lipids in the regulation of rat heart muscarinic ticeptors
and their interactwn with 0-proteins

i 1:50 Y. LASS (Tel-A teiv)
Neurotransmission and occond mefsengers in Xcnopus oocytes

12:20 Erid of session

12:30 Lunch

13:30 Excursion to Jerusalem

10:00 Dinner

ACETYLCHOLINE RECEPTOR (I)

CHAIRM VN: E. KOSOWER (Tel-A iv)

20:00 A. KARLIN (New York)
Functional sites of the nicotinic aretVilcholine receptor

20:30 J. EARNEST (San Frar.:,isco)
What do the structure of the acetylcholine receptor and of fon
channels tell us about their function?

21:00 A. MAELICIE (Dortmnund)
Antibodies as specific ligands of the nicotinic ac!ttylrholhin receptor

- 10 -



21:20 F. HUCHO (Btrlin)

The helix-Il model of the ion channel of the nicotinic acetylcholine
receptor

21:40 J.M. CERSHONI (Rehovet)
Correlating structure wic/h function in the nicotinic acelylcholine
receptor

22:00 G. NAVON (Tel-Aviv)
NMR studies of the binding of agonistis to the acctldcholine
receptor

22:20 End of session

Thursday, September Srd

ACETYLCHOLINE RECEPI )R (1I)

CHAIRMAN: F. BARRANTES (Bahia Blanca)

08:30 J. PATRICK (La Jolla)
Epressio n r, nev7r o pl tiw le receptors froul?
cDXA, clones

09:00 H.A. LESTER (Pasadena)
Expression of acetylcholine receptors in Xenopus oocytes

09:30 C. MMTHFESSEL (Gottingen)
Ion conductance of geactically modified acetylcholine receptor
channrls

10:00 Coffee

10:30 H. IBREER (Osnabruek)
Receptors for acetylcholine in the nervous system of insect8

10.50 G.P. HESS (Ithaca)
Chemical kinetic mteasurement6 of the acetylcholine receptor unt/a
Oniv.s to ms time resolution

;1.20 End of session

12:30 Lunch

ACETYLCHOLINE RECEPTOR (III)

CHAIURMAN: A. KARLIN (New York)

14.00 F.J. BARRA-• TES (Bahia Blanca)
The membrane environment for the nicotinic acetyl hohne receptor

14:30 M. McNAMEE (Davis)
Biophysical 6!udies of acetyflcholine receptor in reconstituted
membranes: role of lipids in regulating function

-11 -



15.00 S. FUCHS (Rebovot)
The cholinergic binding site and phosphorylation .ites of thr
nicotinic acetylcholinve receptor

15.30 Coffee

16.00 R.L. HUGANIR (New York)
Regulation of the nicotinic acetylcholine receptor by protein
phosph orylation

16:30 E.M. KOSONVER (Tel-Aviv)
A strMctural and dynamic model for the nrcotinic acctylcholine
receptor

17:00 End of seph on

17.45 Departure for closing dinner

Friday, September 4

Departure

- 12-



POSTER PRESENTATIONS

01 M. ARPAGAUS (Gif-sur. Yvette)
Transitions in molecular forms of acetylcholinesterase during the developmentof Drosophila melanogaster.

02 F. BACOU (Moatipellier)
Acetylcholinesterase of newborn denervated fast and slow rabbit
muscles: polymorphic and immunological characteristics.

03 E. BANIN (Jerusalem)
Acute administration of aluminium alterg synaptic transmission.

04 M. BENNETT (Gif-sur Yvette)
Acetylcholine release from rat brain synaptosom•e as measured by the
chemiluminescence method.

05 C. BON (Paris)
Negatively charged phospholipids, a possible target for the presynaptic
phosphotipase neurotoxin from srake venoms.

06 W. FINGER (Munich)
High-frequency asynchronous release of excitatory and inhibitory transmitter
quanta triggered by veratridine in nerve-muscle synapses of crayfish.

07 A. GNATT (Jerusalem)
Molecular cloning and structural characterisation of human cholinesterase
genes.

08 M, JACKSON (Gottingen)
Mechanism and energetics of activation of the nicotinic receptor.

09 K. K.AUFM.A.NN (.6ssen)
On the role of the lipid bilayer in synaptic transmission.

10 R. LICHT (Tel Aviv)
Basal acetylcholine releose from Torpedo nerve terminale

11 P. MASSON (Toulon-Naval)
Pressure effects on the carbamylation of butyrylcholinesterase.

12 J.L. MIDDLEBROOK (Frederick)
A neutralizing monoclonal ant;body to crotoxin.

13 P.C. MOLENAAR (Leiden)
The effect of A115183 on the release and 1orage of newly synthesized ACh -n
frog muscle.

14 N. MOPEL (Gif-sur-Yvette)
An antiserum specific for the mediatophore, an ACh-releasing protein, eihibits
presynaptic binding in Torpedo and rat neuromuscular junctions.

15 Y. MOROT-GAUDRY (Gif-surYvette)
Cetiedil, a drug which inhibits acetylcholine release in Torpedo marmorata
electric organ.

16 S.J. MOSS (Cambridge)
Regulation of chicken muscle nicotinic acetylcholine receptor gene expression.

- 13 -



17 S.J. MRCHEV (Sofia)
Human memory modelling: Synapse level.

18 D. NEUMA-NN (Rekovot)
Cloning of the snake acetylkholine receptor &alpha. -subunit.

19 C. PRODY (Jerusalem)
Alternate termination sitiestcrase genes.

20 R. ROSEN'BLUM (Te!-.A-Av)
Coexistence of endephalins and acetylcholine in Torpedo electromotor neurons

21 A. SAFRAN (Rehovot)
Phosphorylation of the acetylcholine receptor.

22 TH. SCHURHOLZ (Bielefeld)
Reconstitution of isolated acetylcholine receptors: A critique

23 J, SICETELJ (Ljubljana)
Acetylcholinesterase in regenerating myotubes in vivo.

24 N. STEINBERG (Rehovot)
Spectroscopic characterisation of differences in the active-site conformation of
aged and non-aged organophosphoryl conjugates of serine hydrolases

25 S.N. TIWAR.AJ (Gorakhpur)
Physical parameters of the transformation and distribution of information

26 J.-P. TOUTANT (Montpellier)
Molecular forms of acetyleholinesterasc in adult Drosophila: Structure and
hydrophobic interactions.

27 K.W.K. TSI.M Cambrid'ex
Monoclonal antibodies to chicken acetylcholinciterose and butyrylcholinesterase,

28 M. VERDIERE-SAHUQUE (Paris)
Developmental aspects, cellular localization and mode of attachment of AChE
in neuronal ganglionic cells,.

29 H. ZAKUT (Tel-Aviv)
Cholinesterase synthesis in developing human oocytes examined by in situ
hybridization in frozen ovarian sections.

30 R. ZANMR (Jerusalem)
Chromosomal mapping of human cholinesterase genes by in situ hybridization.

31. R. ZISLING (Rehovot)
Antibodies to clone-produced human cholinesterase: Interaction with denatured
and native cholinesterases and cross-species homologies.

- 14-
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LmG-TEM ZVOLUTION 01OF MM *CR1YLU0IM RECEPTOR

DOR•G 5r 1OSMUhO

by

Jean-Pierre CAGZU1. AMdA8 KLAi.SFELD, Bertrand FONTAINE

&nd Ralph LAUFIA

Neurobiologle Nollculeire at UA CNIS ll9, Institut Pasteur,
25 rue du Dr Roux, 75725 Paris Cedez 15. Trance.

The acetylcholine nicotinic receptor protein (AChi) from vertebrate

neuromuscular Junction is subject to a long-term rcgulation of Its

distribution and properties by muscle innervation (1). In the adult

synapse, the AChR is integvated into a suprauscromolecular edifice

which persists for weeks after denervatioc and involves privileged

Interactions with the basal lamina and/or the cytoskileton. Its surface

density (10 - 20 000 molecules per up2 ) i1 100-1000 times higher than

outside the eyvapae. it is strongly Ismobilized, with a long metabolic

life-tiae (>l0 days In a1mals) and a short (2sec) mean channel open

time (not in b"rds). By contrast. In the nou-innervated embryoni.

myotube, the AChR is evenly distributed at a low surface density, it is

mobile, labile (half life< day) and Its mean channel open time is

long (several maec) (1).

The genesis of the adult postayneptic domain results from a complex

sequence of molecular inte-actione which include regulations at the

transcriptioual and post-transcriptional level. The evolution of. the
tc e!t o--..- of AC--hR of - faa skelaetal muscle ?much as PLD in chick)

comprises three mait steps : 1) a rapid intrease which coincides with

the fusion of myoblasts into myotubes, 2) a sharp decline which

corresponds to the elimination of the extra Junctional AChR and, 3) a

late increase, mostly postnatal, associated with the enlargement of the

endplate. In the chick, the metabolic life-time of the AChR does not

change throughout this evolution (except at the end of the third

period) which, therefore, primarily involves regulation of AChR

bMosynthesis (2).

Chronic paralysis of the embryo by flaxedil interferes with stop 2

which, thus, represents an electrical activity-dependent repression of

AChR genes (2). This process has been analysed by the methods of

molecular ;snetics using a chicken a-subunit genomic probe (3) in a

model system consisting of chick eyotubes 10 primary culture. Blocking

their spontaneous electrical activity by tetrodotomin (TTX) causes.

- 17 -



after 2 days, a 13-fold increase of a-subunit mRNA level (against an

only 2-fold increase of surface AChR) while a-actin m"A levels do not

changeo Denervation of chick leg muscla gives similar results. Southern

blot data are consistent with the presence in the chicken of a unique
chromosomic gene encoding the a-subunit. whose expresseon would be
differentially regulated during development. The 5' end and part of 'he

upstream flanking region of this gene was isolated and sequenced (4).

Transcriptlon InitIates at the sanm position in innervated and

denervated muscles (sea also 5). TATA aind CUT boxes and a potential

Spl bindivg site are found upstream. This a-subunit promoter, incluaing

8!0 bp of the 5' flanking sequence, was inserted into a plasmld vector 1
in f'ont of a chloramphenical acetyltransferaes (CAT) gene (4). This

construct directed high CAT expression in transfected mouse C2.7

myotubes but not in unfused C2.7 zyoblaets or non syogenic mouse 3T6

cells. It thus contains DNA sequences important for tissue specificity

sand developmental regulation (step 1). Yet, it is not known whether

rhese sequences contain the target for the electrical activity-

dependent regulation of a-subunlt gene expression.

The maintenance and late Increase in number (step 3) of AChA at the

level of the andplate while extrajunctional AChR disappears requires

the intervention of an anterograde signal fton neural origin.

Calcitonin-gens-rslated peptide (CGRP), a peptide shown to coexiat with

acatylcholine in chick spinal cord motoneurons, Increasem surface and

total AChR by about 5O 2 in cultured chick myotubes without affecting

AChR turnover or total protein synthesis (6). This increase was

additive with that elicited by TTX, but not by cholera toxin which

activstes adatylote cyclsse. ?armllal rasulit. were obtained when AchR

a-subuLnit aMA was quantitated by Northern blots (7). CGRP Increases
the cAMP content of myotubes an6 stimulates membrane-bound adenylate

cyclase in the range of concentration where it enhance* AChR a-submnit

gene expression (8). The phorbol ester TPA abolishes the increase of

a-subunit =NA caused by TTX but not by CORP suggesting that distinct

second mesaengers ere involved in the regulation of AChR biosynthesis

by electrical activity and by CGRP.

The data are interpreted in terms of a model (9) which assumes that
1) in the adult muscle fiber, nuclei may exist in different stages of

gene expression in aubneural and extra junctional areas (see also 10),
2) different second messengers elicited by neural factors or electrical

activity regulate the state of transcription of these nuclei via

trans-acting allosteric proteins. Distinct families of geneo involved

in the functional organisatlon and maintenance of the endplate

-~ 18 -



(including the several AChM subunits (11)), may be concirned by this
regulation. In the case of the AChR aSy and 6 subunits the relevame

genes are distributed, in the souse, on three different chromosome. (a

Chr 17, A Chr 11 and y and 6 Chr 1) (12) and are thus regulated by

trans-activati•g factors.

The cubnoural post-transcriptional clustering and msetbolic

stabilisation of the AChi which takes place at the level of the
developing endplate involves, In addition, a complex sequence of

molecular interactions with, in particular, the basal lamins and/or

cytoskeletal proaeins. The role of the 43 000 v, protein (13), which

specifically binds to the cytoplasmic face of the AChR. is discussed in

this framework and its Intaraction with the cytoskeleton demonutrated

(14). Speculatiova abuuz the plausible extension of some of these views

to the selective stabillaation of neuronal synapses are presented

(15).

- 19 -
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MULTIPLE SITES A.ND MODES FOR THE REGULATION
OF GROWTH OF CHOLINERGIC AXONS.

Shlomo Rotshenker
Department of Anatomy and Embryology

Hebrew University-Hadassah hedlcal School, Jerus6lem, Israel

Synapses can be modified by remodelling their structure. One major way of
doing so is by inducing the innervating neuron to •prout and form additional
synaptic connections with its target. Our experimental findings in the motor
system of anphibla and marmals suggest that mechanisms regulating spr~utlng and
synapse formation can be divided Into three major categories: peripheral.
central and transneuronal. We define: (1) peripheral mechanisms, those that
involve a direct growth promoting effect of factor(s) on the peripheral
extensions of the motoneuron that responds with sprouting, (2) central
mechanisms, those that involve the regulation of axonal growth at the level of
the motoneurons' cell body, and (3) transneuronal mechanisms, those involving
the transfer of a signal fur growth from one neuron to another within the spinal
cord.

We exarined the pattern of innervation to individual muscle fibers of
cutaneous-pectoris (CP) and sartorius CS) muscles of the frog, and of peroneal
(P) and extensor Jigitorum longus (EDL) muscles of the mouse. The morphology of
neuromuscular junctions was studied by light microscopy in sllver-cholinesterase
(CP, S, P. FDL) and zinc iodide staired muscles (CP). and by electron microscopy
(CP). Silver-cholinesterase preparations revealed some oegree of sprouting and
synapse formation in all intact muscles of normal animels. Sprouting and 5ynapse
formation were enhanced in intact muscles by severing nerves innervating
contralateral homologous muscles.

We hypothesize a transneuronal mechanism to underlie the induction oi
sprouting following coqtra-Taiti--ixaxtomy. The michani4cm fnrni,.WnlAP tha4 a=oty

initiates a signal for growth in t.he cell bodies of severed motoneurons. The
signal is then transferred transneuronally across the spinal cord to Intact
contralateral motoneurons that respond with sprouting. The experimental results
that led to the formulation of the transneurunal mechanism for the induction of
sprouting and uynapse formation (S.) did so by ruling out alternative
mechanisms, and by being in accord with predictions of the suggested mechanism.
Alternatives to the transneuronal mechanism are that sprouting was induced by
proScts of degeneration and denervatlon or by inactivity of denervated muscles.
Thlb was ruled out by experiments demonstrating: (1) contralateral axotor'y was
followed by SSF only when the severed and sprouting motoneurons were loca'ed in
the sale segments of the spinal cord (CP. S, P. EDL), thus ruling out the role
of systemic distrioution of degeneration and denervatlon products; (2) SSF
developed in CP muscles after removing contralateral muscles, thus ruling out
the necessity for the presence of degeneration and denervation products; (3)
cortralateral axotomies that were placed in too close proxirity to the spinal
cord failed to induce sprouting (CP), thus ruling out the role of inactivity of
denervated muscles and the role of degeneration and denervation products.
Predictions of the transneuronal mechanism that were met are: (1) the time to
onset of SSF is shortened when the contralateral axotomny is placed closer to the
spinal cord (CP, r, EDL). (2) Axotomlzed regenerating and intact contralateral
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sprouting mnotoneurons deivonstrate an increase in the incorporation of Uridine
into RUA following unilateral axotomy (CP).

We further suggest a centrul n.chanism for the induction of iprouting. We
hypothesize a role for a muscle derived trophic substance as % regulator uf
axonal grow'h: the site of regulation being the 'mtoneurons' cell body. This
proposition is based on the following experimental datai (I) SSF followed the
blockade of retrograde axonal transport in contralateral nerves (CP); (2) SSF
was induced in both ipsilateral and contralateral notoneurons after depriving
the ipsilateral neurons of their target muscle fibers (CP). The common
denominator of axotomy, the blockade of the retrograde axonal transport. and the
removal of muscle fibers is the prevention of the retrograde swpply of a muscle
derived trophic substance.

Direct evidence for tha existence of Reripheral mechanisms for the
induction of SSF is provided in a series of experiments in which motor axons
that were isolated from their cell bodies responded with SSF after exposing
them to minimal doses of colchicine (CP).
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DFADI (W .fl(J AS A OMG JU orX (VME S DM7AJGLLLN VA1EMITM?

R. Warman L Y. Yarca, Departmnt of Nmurobiology, Institute of Life
Sciences, Hebrew University, Jerusalem

Motcreurnsm of the dorsal motor vagal nucleu (OIMN) of tha
adalt gainea piJ disappear slowly following cervical vapotcmy, with a
tim eonstant a 8.6 moncth OLaivand, Werman L Ywc-, J. Ccp. Nuwol.
256: 527-37, 1987). rollodng vagotomy, the motontuvria becoma m
Ii-table, apparently as a result of mart•ed decreases in Cd -activated
K' con&lctanoe and in the voltage dependemt transient current K A

Acetylchollneaterasa activiry in thea neurmrc decisaes
markadly following wgutaao,, susti-rW that A2h my reach higher then
normal concentrations. In fact, A injected into norm1l vapl
m o•n_ rcs &cuily blocks urfous •conductances, particularly the
Ce"-activated K- conductance (Yarm, Pr'adu L,. Wermn, Neurcuciaex
16: 739-52, 1985). These actions of AQh ara not prodiced by
ex.tracellular application but are reproduced and &*ancd by
intracellular injection of blockers of acsetylcholinesterase activity.
Thu it is possible that a mjor part of the physiological change

produced by a)c"tly are reproduced by ex s intraeoelhlar AMh in a
cholinergic nrmum.

In fact, the vagal •torlurcnm only atpears to be more %ulnerable
follodng vagotcy. An acute process, lasting about 25 days and
leading to call disntegration, spe to be sprm posed on the
chronic vulrm-bility. Reduiction of K- conductances ,kcb serve to
inhibit fi~ring leads to Ipcressed neuroval firing and prcbebly to
increase in internal. Ca cocentrations , ftich wny bhe. tr_- --ntz

it in of into, t that non-cholinergic vuron such as the
Purklinje cll revart to a primitive state following aXtCmro and
eprees latent ezymes related to ACh mtabolism.
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THE APPEARANCE OF TWO DISTINCT TYPES OF SUBSYNAPTIC SPEIALIZAriON5 WI7H

AChE ACTIVITY IN REGENERATING RAT MJSCLE

brzin, M., Sketelj, J., Institute of Pathophysiology, Ljubljana 61105,

Yugoslavia

One of the basic postulated requirements of the humoral theory of

chollnergic transmission is the presence of AChE activity at the postayraptic

membrane, (in the vicinity of the chollnoreceptor). Nevertheleos, the activity

and the distribution of AChE at different peripheral and central choliner-gic

synapses varies considerabJy, ranging from theextremely high activity in the

sinaptic clefts of motor endplates, to the neuronal synapses of caudate nucleus

and sympathetic ganglia, where the accumulation of AChE is much less dtrse and

its diasi ibution appears predominantly extrajunctlonal. Various tissues with

cholinrugic synapses differ also in regard to the regulating effect of nerve

ni the level and distribution of AChE activity and the pattern of its molecular

forms.

In skeletal muscle the main target susceptible to various regulatory influence:;

on AChE seems to be the muscle cell itself. During ontoenesis AChE appears in

early myoblasts and attains a high activity before innervation. Following the

formation of neuromuscular junctions, AChE, previously distributed along the

muscle cell begins to accumulate at the junction. Concomitantly the sarcolenmal

sn'ial11atinn is beeing f'ormeLd and a graduia change of ALth mnolenuiar forms

is taking place untill maturation is reached.

The ability of muscle cells to focally accumulate AChE and to maintain junctionai

specialization of sarcolemma remair.ns after denervation. Furthermore, under in vivo

aneural ccnditions, muscle fibers regenerating from myoblasts within degeneration-

resistant basal laminae accumulate newly synthesized AChE at the sites of previous

motor endplates. In addition, along regenerat.ng myottl!e3, extrajunctional AChE

accumulations and postjunctional specializations are beeing formed. Pretreatment

of muscles with papain before reinplantation prevents the formation of both types

of acctumulations, without affecting muscle regeneration.

It is suggested that basal junctional lamina stores a protein or a protein-bound

substances which triggers in aneurally developing myotubes the sarcolemmal altera-

tion and focalization of AChE.
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AGRINi AN EX1RACELLULAR SYNAPTIC ORGANIZING MOLECULE. Uel J. McMahan.
Department of NeuzobiologY. Stanford University School of Medicine, Stanford,
California 94305, U.S.A.

Studies conducted in this laboratory have demonstrated that the portion
of a muscle fiber's basal lamina sheath that occupies the synaptic cleft at
the neuromuseular junction has stably bound to it moleOules that direct the
formation of postsynaptic apparatus on regenerating muscle fibers.
Accordingly, if muscles are damaged In ways that spare the basal lamina
sheaths of the muscle fibers, the new muscle fibers that develop within the
sheaths form aggregates of acetylcholine rece;tors (AChR) and acetyl-
cholinesterase (AChE) where they contact the synaptic sites on the sheaths
despite the absence of axon terminals. The extracellular synaptic organizing
molecules in the synaptic basal lamina may be identical to trose molecules
that :ediate the nerve-induced formation ot ACOR and AChE aggregates In
developing myofibers during synaptiogenesls in the embryo and they may also be
Involved in the maintenance of the postsynaptic apparatus in the adult.

Our studies have alac led to the Identification of agrin, a protein that
is extracted from the synapse-rich electric organ or Torpedo californioa and
that may be similar to the AChR- and AChE-aggregating molecules in the basal
lamina at the neuromuscular junction. For example, agrin Is found in basal,
lamina containing fractions of the electric organ, it Induces the formation of
patches lo cultured myotubes that contain a high concentration or AChRs, AChE
and other components of the postaynaptic apparatus, low levels of a similar
factor are found in extracts of muscle, and monoclonal antibodies directed
against &grin recognize molecules highly concentrated in the synaptic basal
lamina at the neuromuscular junction in vivo. We have now purified hfrin to
ronomrfgneity; determineo ts n-termin! smino aeid sequence, and preparcd
oligonucleotide probes with the aim of using molecular genetic techniques to
characterize agrin snd study how the expression of &grin Is regulated during
development and regeneration.

I will document the above findings, discuss our progress In characteriz-
ing agrin and present results showing that the cell bodies of motor neur•ns
contain agrin-like molecules, consistent with the hypothesis that the agrin--
like molecules in the synaptic basal lamina are produced by motor neurons and
released by their axon termlntls.
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AARIN: MECHAIIISM OF ACTION. Bruce C. Wallace. Dept. of Neurobiology, Stanford
University School of Medicine, Stanford, CA. 94305.

Agrin induces patches on chick myotubes in culture at which at least six
components of the poatsynaptic apparatus are concentratedl two extracellular matrix
molecules (a heparin sulfate proteoglycan and the A,2 asymm.etric form of
acetylchollnesterase [AChE]), three membrane protein; (acetylcholine receptors
(AChR*] and globular forms of AChE and butyrylcholinesterase), and a cytopIasmic
protein (a 43 kD receptor-associated pratein). All of the aggregating activities
are immunoprecipitated by each of 5 different anti-agrin monoclonal antibodies and
all activities copurify end comigratc on gel filtration columns. The xtudies
reported here were aimed at charactar zing agrin's effects on AchR distribution and
metabolism as A step toward determining &grin's mechanism of action and comparing it
to the mechanism of nerve-induced receptor aggregation at developing neuromuscular
junctions.

The accumulation of AChRs at developing neuromuscular junctions begins with the
formation of a loose aggregate of small clusters of AChRs that subsequently coalesce
into a large, relatively uliform patch. When a&grin was added to the medium bathing
chick myotubes small ( <4m ) aggregates of AChRs began to appear within 2 hrs and
increased rapidly in number until 4 hrs. Over the next 12-20 hrs the number of
:ggregptes per myotube decreased as the mean size of each aggregate increased to
.l•j •u . If newly formed junctions in vivo are denervsted there is a marked
dispersal of junctional AChes. Simi''-Wly, in agrin-treated myotubes in culture,
aggregates of AChes remained as long as agrin was present in the medium; if &grin
was removed the number of aggregates declined slowly. Most AChIs Accumulated into
agrin-iriduced aggregates by lateral migration, ab do many of the AChRs that
aggregate at developing neuromnuscular junctions. Agrin did not alter the rate of
appearance of new AChRs.

AChRe on embryonic myofibers are degraded with a t,-1 day. Drys to weeks after
AChRs accumulate at neuromuscular junctions their rate of degradaticn slows such
that AChes aggregated at adult neuromuscular junctions are degraded with a t410
days. Ir our chick myoetube cultures, -85% of the AChRs were degraded at a rapid
rate (t4ld), -15% turned over more slowly (t•-10d). Agrin-containing extracts
increased the proportion of slowly turning over receptors to ý2Ol.

Tiw fo• eOtion .* r doveloanina neurOmuscularThe. .. .........; are- -`t nz c .... A.h --

junctions requires Ca . Agrin-induced ACnh a&gregation a&so re u " w ; a half-
maximal response occurred at 0.2 mM Ca". Typical inorganic Ca antagonists, auch
as Co* Z Mn , and Ni4+, inhibited agrirr-induced AChE aggregation. Two other
divalent catiqns, K%++ and Sr*4, did not inhibit receptor aggregation in the
presence of Ca*+, but could not substitute for Ca*+. Agrin-induced receptor
aggregation also was inhibited by the phorbol ester TPA, an activator of protein
kinase C; 20 rLi TPA completely prevented AChE aggregation. Two dimensional SDS-PACE
of extracts of cultures identified several potypeptides that were phosphorylated ý.n
response to TPA treatment. Agrin itself did not change the pattern of
phosphoproteins.

Thus agrin induces AChRs in the myotube plaama membrane to accumulate into

aggregates by a rapid, Ca÷" dependent process that is inhibited by protein kingse C-
mediated protein phosphoryletion and is accompanied by a decrease in the rate of
degradation of a fraction of AChRs. In many ways agrin's effects on cultured
myotubes mimic events that occur during formation of the neuromuscular junction in
vivo.
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AC-TY1IMOLIyEMTERASE IN RENERATJNG NEIJrOJsaLA JUCTONS.

Lili Anglister. Department of Anatomy and Embryology, Hebrew University-

Hsdasssh Medical School, Jerusalem, Israel.

Acetylcholinesterase (AChE) in skeletal muscle is concentrated at the
neuromuscular junctions. If muscles are damaged in ways that spare the
myofiber basal lamina sheaths, new myofibers develop within the sheaths and

the damaged axons regrow to form new neuromuscular junct.ons on the
regenerating myofibers at tue original synaptic sites. AChE accumulates at

the rugenerating neuromuscular junctions, and as at normal ones, a substantial
fraction of the enzyme is found in the synaptic cleft where it is associated
with the synaptic portion of the basal lamina, passing between nerve terminal
and myofiber. The studies we describe were aimed at learning whether synaptic
AChE is produced by muscle, nerve or both and whether basal lamina directs its
accuimulation at the synaptic sites.

Frog muscles were damaged in a way that caused disintegration of the
myofibers while sparing basal lamina sheaths. Myofibera were allowed to
regenerate but reinnervation was deliberately prevented. The regenerating
myofibers produced new AChE which preferentially accumulated at points where

the plasma membrane of the new muscle fibers was apposed to the region of the
basal lamina that had occupied the synaptic sites at the original

neuromuscular junctions. The newly formed enzyme became -incorporated into the
synaptic basal lamina. These results demonstrate that regenerating myotibers

produce synaptic AChE and that its accumulation is directed by synaptic basal
lamina.

A complementary study was carried out on operated frog muscles in which
myofibers had been ..ic... d fr-o the bz--al lnmint theeth. while leavina intact
motor axons, nerve terminals and synaptic basal lamina sheaths. The nerve
terminals persisted at the synaptic sites on the sheaths in the absence of
myofibers and had all the structural features of normal terminals. We found
out that these terminals produced surface AChE and a substantial amount of the

newly formed enzyme became associated with the extracellular matrix at the
synaptic site, primarily with the synaptic basal lamina adjacent to the

terminal. Nerve termin~ls that reinnervated synaptic basal lamina behaved
similarly. This finding shows that some of the AChE that is made and

transported by the motor nerve contributes directly to the aynaptic cleft
enzyme.

We conclude that myofibers and nerve terminals can produce synaptic cleft
AChE and that its appearance in the regenerating neuromuscular junction is
directed by synaptic basal lamina. Other factors such as nerve and muszle
activity may play a role in regulating the production and mainteiance of the
synaptic enzyme.
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ROLE OF A NEJROMPHIC FACTOR AN CLCIUM O1A*S IN Trz
MU~LATIctN OF ?1'V1OYL4NIESTERASE IN CULTIURED MJSCIZ

N!. F4ZODbezý jnd .K VO

Dept. of Neurobiology , Wei=arxn Institute of Scienre,
Rehhavot 76100, Israel.

The e•-uw.Ilaticn of AME irn C2 cultured moLse muscle cells
was foutd to be stimulated by incubation of the cultures with
extracts prepared from rat brains. We have p-ified the stlim-
ulatory activity by various FMTC p-rxc-S-es. The nerrtzcphic
factor (NTF) preparation iareased the acmmilation of true
AChE (EC 3.1.1.7) in a dose depark nt manrar. Inoubation with
NU increased all ACE Molecular forms in the muscle cultured
cells. Hoever, the increase of the 16S form was relatively
more prcnoxed. In addition, treatment with NTF charged t1h
Cellular distribution of AChE and increased t1 number of mm-
brane patdches cntalning high cxtentraticris of enzyme.
Iicreazing Ca oncentratico in the culture medium synergis-
tically _.n ed the effect of NTF an ANhE eccwi.laticn,
wVilo Caý itself had only a margine etfect. The voltage
dependent Ca * cKhal bloaker, nit i o, inhibited the
effects of NTF on the aocumulaticn of AOME. It also recdced
the amout of AME in the utmreated oells althxK_;h to a lesser
extent. Nitrendipine also inhibited the .lstering of AMhE
seen in NMT-treated cells. Mogrfavy, preircub.ticn of C2 mus-
cle with NIT ±,•re d TeCa' rate of influx into -he
cells cc red with o'atrol.

7t*e results, thus, suggest that MTF increases the uptake of
ra into the calls, pos Lbly thxtnugi nitrundipino sensitive

sites, This uptake of Ca' + lays a role in the regulation of
ALneh in Urný woli~.

Supported by grants to Z.V, fc-m the Raculux Dy&JLyatx
Association, the U.S.-Israel Binaticma Science Foundation and
the Minarva Foundation, nrdch, Germany, and by a short term
ESP. fellowship to N.R.

- 30-



CHANCES IN THE LEVEL OF ACETYLCI40LINE RECEPTORS ARE MEDIATEDI BY CALCIUM
CONCENTRATION IN THE SARCOP'LAS141C RU.ICIJLU4

by Sbairherg, A., freud-&ilverlberg M. and Bink. H1.
Bar-lien University, Rainet-Gan 52100, Israel,

Regulation of the AO~PR level, assayed by 
1 25

1-c a-bupgarotozijn
(
1 25

1-a-Bgt) binding sites wait studied in chick skeletal muscles diff-

erentiated in vitro. A large variety of agents k!nown to affect muscle cons-
tractions and calcium movement were investigated. The level of A()'I is in-
creas~ed by various treatmentsk which have a similar affect on cytoplasmic
C,

2
4' presumably its accumulation in the scrcoplaesmlc raticulum (SR).

Thus,, tetrodotoxin (TTX) sodium dantroleroe, or Ca channel blockers lil..

D600. which inhibit the spontaneous centractions and c).ereforo probably
cause accumulstion of C@2 4 in the SR. erhanced receptors, synthesis.
Miuscle inactivity 2j ase is not eiiougth to cause receptor elevation. when
TTX was giver. with lonvC,

2
* (50 u14), there vas no incerase in receptor's

level. in cortrast, there was receptor elevation wihens immobilization was

a chieved with D600 in low C42*. These res~ults indicate ti 4t Ca
2
+ is

required for the induction process, of the receptors synthesis. Hovaver,
it does rot have to he from an external source. 7he apparent contradic-
tion between the effects, of low CS 2 4 in TTX and theme of D600 on A(2R.
could he explained by the possibility that in the TTX group Ca is not
accumulated in the SR. According to this model, redistribution of C*

2
*

in the opposite directioqi - frow the SR to the uryoplasm - Is expected to
bring about a decrease in the level of AtIhR. Caffeine, which causes
Ca2

+ release from the SR, indeed decreased the 1251 .o -IgSt binding.
Comparable effects on. Cs dis'tributior and the level of AChR were observed
Using electrical stimulation (ES), caroaerylchollne or ryarnodine.
Electrical stimulation of the muscle cultures in & frequency of 100 Ho for
lot was, more efficient in reducing the level of the receptors then chronic
I Hz or 10 Hz for 10 s each 100 a. Exposure of tes myotuhes to ES in high
K, w~hich varalysco EAý,L ,i!rtt .sduced the level of the receptors.
Furthermore, ES in low voltage, insufficient to ellicilt wutcle contraction,
was also effective in reducing the level of the receptors. lVe conclude that
intracellular Cc

2
* release from the SR is a necessary mediator for the

decline in AChbt synthesis. Since even media taken fro" electrically stims-
lated muscle cultures are capable if inhibiting receptor syrithesis a prop-
erty lost by heating, we assume that electrically sitimujlated myotuhee arob-
ably release to the medium a protein(s) responsihle for ieducing A0hR syn-
thesis. The level of this protein is prohably regulated by Ca content in
the SR. Calcium in high concentration bitids this protein and the synthesis
of AChiR ensues. In conditions of low Ca in the SR this, protein remains
free, end synthesis of receptors is Yeduced.
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THE EAPLY MOMENTS OF SYNAPTOGENEISt A PMXSCO-CHEMICAL VIEW.
Mu-sing Poo. Section of Molecular Neurobiology, Yale University School of
Medicine. New Haven, Connecticut. U.S.A.

Synaptogenesis depends upon the interactions between specific molecules.
Molecular specificity. however, operates only w•ien tea interacting molecules
are brought within molecular rangen. Nonspecific physical forces are probably
responsible for the spatial arrangement of molecules that sets the stage for
specific molecular interactions. Experimental and theoretical evidence suggest
that an Intricate combination of specific chemical interactions and nonspecific
physical processes may occur during the early moaents of synaptogesis between
nerve and muscle cells. Two cases will be considered:

1. DIFFUSION-MDIATED TRAPPINO of specific membrane-bound molecules at the site
of nerve-muscle contact may be an integral part of the process of cell-cell
recognition. the development of selective cell adhesion, and the selective
synaptic localization of transmitter receptors and ion channels. The absence
of basal lamina during the early phase of synaptogenesis allows for the close
apposition of pre- &nd post-synaptic plasma membranes. Thus, direct binding of
membrane componmnts of two contacting surfaces is feasiole. This binding
provides the mechanism for the diffusion-mediated trapping of specific
molecules.

2. ELETROKINETIC MICRATION of membrh.'e and cytoplasmic components induced by
local synaptic currents may impose a biss in their distribution, and facilitate
localized molecular interactions at the wynaptic site. Contact with the muscle
cell trigger* a pulsatile release of acetylcholine from the nerve terminal..
leading to local synaptic current within seconds after nerve-muscle contact.
Such current generates substantial el.ectric field (0.1 to 1.0 V/cm) in the
cytoplasm and along the membrane of the muscle cell. Studies on model. systems
indicate that such a field is capable of Inducing electrokinetic
(electrophoretic or electro-osmotic) migration of both cytoplasmic end membrane
components. The direct electrokinetic action of the synaptic current may help
to localize or concenLVt L .6 cy'oplm--ic sd!-nd.S messengers. the cellular
orgenelles. and tl.e substrates for local molecular ir,teractiozn. it also
provides a cellular mechanism for an activity-dependent stabilization of the
synapse, and a basis for competition among multiple synaptic contacts on the
some poetaynaptic cell.
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SHORT AND LONG 7EM EFFECTS OF ALUMNIUN ON SYNAPTIC TRANSMISSION AND ON TUE

XCTIVITY OF CULTURED NERVE CELLS. Malina eiWri, Eyal Bantn and Michal Roll,

Depr. of Physiology, Hebrew University-Radassah Medical School. Jerusalem,

ISRAEL.

Elevated brain concentrations of aluminum which are touic to many

biochemical processes are found in a few neurological condit ions it humans.

In the senile and prowenile dementia of Alzheimer type and in the Gusm

parV.insontan-dementia complex, aluminum it localized at mites bearing typical

neurofibrillary degererations. In dialysis encepbalopathy extremely high

levels ot aluminum In the brain tissue occur in the absence of characteristic

neuropathology. The etiological importance of aluminum to these diseases it

still questionable and its contribution to the neurological symptoms in human

patient. is difficult to evaluate. However, in experimental animals

neurological disorders associated with neurofibrillary degeneration have bean

induced by intracerebral injection with alumtnum.

In this study, we attempted to relate to functional rather then

pathological aspects of alu.inua neurotoxicity at the level of a single nerve

cell and an individual synapse. Electrical activity of two isolated

preparations exposed to alusinum vga examined: the frog cutaneous pectoris

motor synapse and the tumor cells of the mouse neuroblastoma line NA-1i1.

Conventional electrophy@iologicei techniques aid coaputer nel-ated analysis

were utilized to monitor synaptic potentials end neuronal action potentials at

aluminum exposed cells.

The following results were observed!

A. Isolated frog neuromuscular junction-

Aluminum (6-
2
0Cpg/ol) has a dual effect on synaptic transmilssion

1. Within two• hours of aluminum administration to the experimental bath

both the quantal content of evoked acety)choline release and the

frequency of spontaneous transmitter accretion are simultaneously

augmented by (15-1002) in a dose dependent manner. This effect is

independent of the concentration of calcium ions in the extrecellular

solution.
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2. Deterioration of activity at nerve tarmin•Ix detached from their motor

nerve cells is accŽlerated in thr presenctl of aluminum. An isolated

control neuromuscular preparation constantly stimulated at a frequency of

0.1-0.3 He, stops releasing transmitter after 18.D+2.4 hours. In the

presence of aluminum evoked acetylcholine release stops earlier, after

11.2+3.2 houre. Spontaneous secretion of individual quanta from an

unetimulated nerve persists for more than 36 hours independently of

alumints.

B. Neuroblastoms cells in culture:

Diffatrenrtited neuroblastoms cells in culture deteriorate when exposed to

aluminum. Following addition of AIC13 to the culture dish containing the

cells, progressive changes in the shape of their action potential are

observed. Within 4-6 days, the cells fail to respond to electrical

stimu~ation. The vulnerability to aluminum toxicity is higher in

differentiated cells than during the other phases of the cell cycle.

Proliferrting neuroblastoma cells maintained in aluminum containing

solution aifferentiate normally when exposed to DMSO; they develop

neurites and respond to electrical stimulation with characteristic

nolynhesic action potentials. However, once differentiated they

deteriorate within 4-6 days whereas control cells, kept without aluminm.

function properly for at least 14 days.

In conclusion, aluminum at concentcations found in the brain tissue of

some demented patients affects the activity of isolated nerve cells and

synapses: it interferes with the control of synaptic transmission and

accelerates the deterioration of mature nerve cells.
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ANTTBODIES TO CHOLINERGIC NEURONS IN ALZHEIMER'S DISEASE

Daniel M. Michaelson, j.oab Cnhpman, Orit Bacnar, Amos D.
Korc-zyn *,-z-i-y9- ertrman and Yoram Fildoc+.

Departments of Biochemistry and Psychology+% .e!, Aviv University;
Department of NeurolOyy, Icnilov Medical •gnter , and Department
of Neurogeriatrics, Ezrat Nasnim Hospital

Alzneirer's disease (AD) is associated with a reduction in
presynaptic cholinergic parameters in the cortex and hippocampus.
Althougn the etiology and patnogenesis of AD are not known,
several reports indicate the involvement of immunological
mechanisms. In tne present work we examined the existence of
antinodies in AD sera wnicn bind specifically to cholinergic
neurons and investigated theiz role in the disease. As antigens
we employed the purely cholinergic electromotor neurons of the
electric fisn Torpedo. These neurons are chemically homogeneous
and cross react antigenically with human and mammalian
cholinergic neurons.

Our findings, oased on immunoblot assays, show tnat hD
immunoglobulins bind to a specific polypeptide (PKI20) in the
cholinergic cell bodies of Torpedo electromotor neurons, and that
immunoglobulins of patients with other dementias and neurological
disorders do not bind to the this antigen.

The possioility that the anti-PK12G antibodies play a role
in the development of cholinergic dysfunction in AD was examined
by immuniiinq rats with Torpedo Che inergoi cell bodies snd
assessing the resulting effects on their brain cholinergic
neurons and on tneir behaviour. Prolonged immunization with this
antigen (pl year) resulted in impaired spatial learning (T-test
and Morris wzter maze) and in specific changes in the level of
cholineacetyltransferase and acetylcnolinesterase activities in
the rat brain. The extent to which this system may be used as a
model for the study of immurological mecnanisms in AD will be
discussed.
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Alternative splicing generates different mRNAs for the catalytic subunits of

globular and asymmetric forrs of T acetylchollnesterase

Jean Massoulii, Jean-Louis Sikorav, Eric Krejci and Bernard Reimund

Laboratoire de Neurobiologle, Ecole Normale Sup~rieure. 75005 Paris, France

The electric organs of Torpedo contain asymmetric and globular forms of

AChE. In the asymmetric forms, the catalytic subunits (type A) are associated

through disulfide bonds to a collagen-like tail, which inserts the enzyme in the

basal lamina. In the globular, dimeric form, the catalytic subunits (type G)

possess a C-terminal-linked glycolipid which anchors them in the cellular

membranes.

We have used cDNA probes corresponding to the C-terminal portion of the A

subunit to demonstrate the existence of distinct mRNAs by Si mapping analysis,

and thus determined the position of a divergence. We have isolated a cDNA clone,

the sequence of which differs from that of the A form (Schumacher et al., 1986;

Sikorav et al, 1987). downstream from that 'divergence. The divergent sequence

codes for a 30 aminoacld extension possessing the following characteristics.

1) It starts with Ala-Cys (at positions 538-539 of the mature protein), i.e. the

sequence of the C-terminal peptide which is amide-linked to the glycolipid, as

determlneq iy P_ iaYlor (persorwi Lucu .iCa....... '13) T extension Showed A ¢par

homology to the corresponding sequence of Drol AChE, which is indeed known

to consist of glycolipid-anchored dimers. 3) The end of the 30 amlnoacid

extension is hydrophobic.

We conclude that this cDNA corresponds to the catalytic sabunit of the

amphiphilic G2 form. Like other glycolipid anchored proteins, this type of

AChE subunit is therefore synthesized as a precursor possessing a C-terminal

extension which is exchanged for the glycolipid after completion of its

synthesis.

Further analyses of cDNA and genomic sequences will clarify the

mechanisms of alternative splicing in the generation of AChE molecular forms.

Schumacher. M., Camp, S., Maulet, Y., Newton, M., McPhee-Quigley, K., Taylor,

S.S., Friedmann, T. and Taylor, P. (1986) Nature. 319. 407-409.

Sikorav, J.-L., Krejci, E. and Massoulio, J. (1987) EM80 J., 6, 1865-1873.
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Molecular Structures and Gene Organization of the
Chollnesterase Species. Palmer Taylor, Mark
Schumacher, Yves Maulet, Michael Newton, Katherine
Quigley, Shelley Camp, Gretchen Gibney and Susan
Taylor, University of California, San Diego, La
Jolla, California 92093

The determination of the primary structure of the
cholinesterases obtained either from the c-DNA
sequence or from direct amino acid sequencing has
yielded essential information on structures of the
various cholinesterases and their relafionship to
other proteins. Analysis of disulfide-linked
peptides has shown three internal loops in the
molecule and that the most C-terminal cysteine
forms the intersubunit disulfide linkage. Torpedo
acetylcholinesterase and human butyrylcholin-
esterase show 53% residue identity. Less homology
is seen with the Drosophila enzyme but the cysteine
positions show similar disulfide arrangements in
the enzyme. Tne overall sequence homology batween
acetylcholinesterase, the C-terminal portion of
thyroglobulin, an inducible protein in Dictyoste-
lium and other estarases suggests a larger gene
family for acetylcaolinesterase. The availability
of several c-DNA clones for acetylcholinesterase
also permits an analysis of messenger RNA species.
Genomic cloning and RNAase digestion experiments
reveal a point of divergence in the acetylcholin-
esterase messages and have permitted the analysis
of the molecular basis of the polymorphism of
acetylcholinesterase. This information has been
correlated with differences in amino acid sequence
between the asymmetric and hydrophobic species of
acetylcholinesterase.
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TrI DIOcENESIS OF ACKTTLCHOLINISTERASE IN NERVES AN MUSCLE

Richard L. Rotunda, Anna M. Comet, Criatino Fernandez-Valle.
Watir Fendl, and William R. Randall

Department of Anatomy and Cell Biology
University of Miami School of Medicine

Miami. Florida 33101

Acetylcholinesterase (AChE) is expressed in numerous vertebrate

cells including neurons. musele. endocrine, and hcm'topoietic. tach

tissue in turn expresses a complex yet characteristic pattern of AChE
forms which differ in oligomeric structure, hydrphoblcity, and

subcellular localization. We have studied the biogenesis of these
multiple AChE forms to determine the molecular basis for this
diversity and to understand how electrically excitable cells regulate
and target identified synaptic components to highly specialized
functional domains on their plasma membranes. We nov present evidence
that all AChE forms in electrically excitable cells are encoded by a
single gene and therefore the diversity of molecular forms most likely
arises by post-transcriptlonal and/or post-translational events
including assembly and post-translational modifications.

Chicken and quail express two allelic forms of the AChE catalytic
subunit polypeptide which differ by an apparent 5-10K daltons on SDS
polyscrylamide gels. Individual quails express either the alpha
(110 KDa) or beta (100 KDa) AChE subunits, or both. Our studies in
quails show that the alpha and beta AChE alleles occur with a

;cncy cf 0.? 4nA 0.3 respectively in our sample population and in

mating experiments segregate as co-daninant sdtosomal lnei in classic
Mendelian-faehion. Within individuals, neurons and muscle cells always

express the same AChE alleles. Furthe-more, the same alleles arc
expressed in all oligomeric AChE forms, whether globular or.
acyometric. These studies indicate that all AChE forms in nervet and
muscl, are encoded by a single gene.

Newly synthesized AChE polypeptide chains in neurons and muscle
appear identical by SDS gel electrophoresia. Unlike the mature AChX in
chicken neurons, or the membrane-bourd human erythrocyte AChE, the

newly synthesized neuronal AChE molecules du not aggregate in the
absence of detergents nor exhibit altered mobility by charge-shift gal
slectrophoresis indicatiug that they are not initially hydrophobic. It
appears that the hydrophobic property of a subset of the neuronal AChE
polypeptides is acquired during a subsequent maturational step. Muscle
cells, on the other hand, do not appear to synthesize end assemble
detectable quantitles of the hydrophobic AChE polypeptide chains. The
biogenesis of the various AChE forms will be discussed in relation to
targeting these molecules to specialized regions of the plasma
membrane in electrically excitable cells.
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AVIAJ ACETTLCROLINE$TERASEt XOLECULAR STUDIlE ON THE STUCTUIt AJD
UTOULATIOw ow TEE AsY)h1MTRIC 1O031 IN MUSCLE.

V. R. Randalls. K.W.I. Tsim and I.A. Barnard

MRC Molecular Neurobiology U~iit. University of Cambridge Medical
School. ':1'.le Road. Cambridge. Creat Britain
* Current address: Dept. of Anatomy and Call Biology (1-124).

University of Miami Medical School. Miami. Florida 33101 USA

AcetylcbolJnesterase (AChE) in cholinergic tissues occurs an a
series of oligomeric forms. The largest of these forms contains a
dimenslonally asymmetric (collagen-like) subunit in addition to the
globular catalytic aubun~ts. These asymmetric forms are the
predominant species at the neuromuocular junction where their
localization ard appearance are directly dependent upon functional
innervation. In birds or mammals these fores disappear following
denervation or blockage of neurotransmisoion. During embryonic
development, these forms become specifically lcallised at high density

on the synaptic basal lamina at the earliest stages of skeletal muscle
innervation.

To study the mechansime underlying regulation of appearsnce and
localization of the asymmetric AChE forms we have purified thin enayme
from newly hatched chicken pectoral muscle using imunoeffinity
methods. The purified asymmetric AChE exhibits inhibition properties
ot both ACbZ T' b ylcl-l!.. termse (Chl) and contains three
subunits with apparent uolecuiar weights of 110 kDa, 72 ktm end 58
kDa. Inhibitor binding end specificity to mAbs directed against AChE
and ChE indicate that the ll0-kDe subhuit contain* the AChE catalytic
site whereas the 72-kDe aubunit is a ChE catalytic subunit. All thest
types of subunits (of this hybrid form) are linked together by
disulfide bonds. A model for this new "hybrid" asymmetric form found
in developing chicken imscle will be presented.

We have examined the expression of the AChE catalytic subunit
mRNA transcripti during muscle development by Northern hybridization
using a cUNA encoding the AChE catalytic subunit from chicken muscle.
cDKA* were isolated from a gt 10 cDXA library derived from 13-day
embryonic chicken muscle poly A+ RNIA by cross hybridization using an
oligonucleotide probe synthesized from selected nucleic acid sequtnees
of the analogous enzyme from Torped californica. The isolated cDAe
showed high regional homology with the deduced sequence (rom Torpedo
AChE, showed divergence in oevcral of these homologous regions from
the deduced sequence for human brain Ch1, and shoved specificity to
transcripts for AChE but not ChE by Northern blot analysis. This cDNA
hybridizes with the highest intensity to three transcripts within 14-
day-embryonic poly A+ RNA in Northern blots from muscles of 10-day-

cib ryonic to newly-hatched chickens. Further analysed and
quantitetion of the transcripts encoding theme AChE subunits during
muscle development and eynaptogenesis will be presented.
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STRUCTUPAL AND IMNUNOCHEMICAL PROPERTIES OF
FETAL BOVINE SERUM ACETYLCHOLINESTERASE

B P DOCTOR

Division of Biochemistry
Walter Reed Army Institute ot Research

Washington D.C.20307-5100 U.S.A.

We have recently shown that there are structural and conformaticial
differences in the vicinity of the active center domains of fetal bovine serum
acetylcholinesterase (FBS-AChE) and Torpedo AChE (Kopec et al. (1987) Fed.
Proc. 46, 285). This conclusion was reached on the basis of determination of
the sequence of the first 105 amino acid residues at the amino terminus of'
FBS-AChE and of the differential inhibition of catalytic activity of these two
enzymes by the monoclonal antibody AE-2. epitope for NAb AE-2 is located
between amino acids 52 and 82 of FBS-AChE.

We have elucidated approximately 90$ of the amino acid sequence of FBS-
AChE and compared it with those of Torpedo AChE (Schumacher et al. (1986)
Nature 319, 40T) and human serum BuChE (Lockridge et al. (1987) JBC 262,
549). FBS AChE shows approximately 60% and 50% amino acid sequence homology
with Torpedo AChE and with human serum BuChF, respectively. There are long
stretches in the am'no acid sequences of FBS-AChE and of Torpedo AChE in which
very high sequence homology is observed, whereas other regions display little
or no sequence homology. There are seven cysteine residues in FBS-AChE as
against eight in Torpedo, Cys 231 being replaced by glycine. We have so far
lorated five of the remaining six cysteine residues in FBS-AChE, all of which
are located at the same po:itlona as !n the oredo enzyme, as is the active
site serine. Comparison of the amino acid sequences of the three
cholinesterases permits the proposal of candidate aspartic acid and histidine
residues Ohich may be involved in the charge relay systems of these serine
esterases.
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BIOGF_•FSIS OF .HUMAN CHOLINESTERASES: FROH GENE TO PB0rEIN

Ha rmona Screq
Deportment of Biologlca] Chamlstry, The Life Sciences Institute, The Hebrew University,
Jerusalem 9190•, Israel

Chollnesterases (ChEs) are highly polymorphic marine h•drolsmes involved in the
termination of neurotransmission in chollnerllc synapses and nauroauscul• Jtmctlons [I].
Both the levels and the molecular forms of Chr• werw shown to be modulated during
development, denervation and regeneration procasuea in various spe¢$es [2]. In order to
examine the molecular mechanisms underlyi:• these phenomena In humans, we have used
ollgodeoxynucleotide proton to isolate t•ll-length cDNA clones coding for human ChE [3,•].
These clones are currently employed in our laboratory to study the biogenesis of human ChE
at various levels of gena expression.

•_ Several Kenes encode for human chollnesterasea. In mltu hybridization of
[•S]:]ab-led ChEcDNA to spread hummt chromosomes revealed sltaa for Chg genes on t•

dlfferer•t• chromsomes, No. 3 and 16 [5,6]. Screenlng of several genomic DNA libraries,
using EJ'P]-ChEcDNA as a probe, enabled the isolation of genomlc DNA fr•ents derived
from at least 3 different genes, ona of which (on chromoso• •)appears to contain muitlple
introns, •hereas 2 others (on chromosomes 3 and 16) appear to be processed genes,
originated by post-transcrlptlonal events from tha latter [708]. When combined ,,ith
publish•.d genetic linkage evidence [9], these findings imply that st. least 2 genes (the
original one and a processed one) may direct the synthesla of active ChE in humans.

Active transcrltpion of ChE genes in human oocytes. Oocytes from different species I
display chollnoceptlve propertlea ElO] and ChE activities [11]. Using in eitu. hybrldlztionq
to frozen ovarlm• sections, we detected high amounts of ChEad•A transcripts in developlng
S.............. r,-• 4•I .- k ..... ..... A • ...... •4^• .,e r• •.•.• •-n •cyt•__• s,_'•geStS that
ChEs are involved in oogenesls and/or sperm-egg interaction processes, it also impi•as
that if processed ChEDNA sequences are re-inserted into the g•.noae by post-transcriptional
mechanisms, they would be inheritable, which may explain the origin €•f the processed ChEge•es in humans. I

Alternate transcri•tlon of ChE •enes in nervous system tumors. Previous studies have
shown distinct patterns of ChE molecu]ar forms in various brain tumors [I•] as compared
with normal brain [15]. To examine whether these arise from alternative transcription of
the ChE genes, eDNA librarlea from various tissue origins were screened using labeled
ChEcDNA and synthetic ollgonucleotidea. Evidence for both alternatlva sp]Iclng and
multiple termination sites was found in ChEcDNA clones from glloblastoms and neuroblastoma
tumors, but not in normal tissues [16].

S n_•L•_•tlc ChKmBNA is sufficient to produce active ChE in mlcroinJected oocy•es, while
additional mRNAs contribute to the tissue-speqi.f•ccpropertles of ChEm. Synthetic ChE•RNA,
transcribed off the human ChEcDNA clone, w8• microinJected into • oocytem, whare

The clona-produced
tissue ChEmRNA was shown to be translated into active ChE [17,18].

.Ch•m•NA was highly efficient in inducing the synthesis, assembly into dimers and membrane
association of active ChE molecules with •ig. affinity towards specific substrate$ and
inhlbltora. Co-injection with brain poly•A) RNA further enabl•d the assembly of ChE into
tetramers, whereas with muscle poly(A)RNA heavier semhrana-asaociated forms appeared
[19]. Thus the tlssue-speclflc expression patterns of •hE genes depend first on the mRNA
coding for the cetslytlc ChE subunlt but also on other mP•NAs, probably coding for
non-catalytlc "tall• subunita and/or for proteins performing post- translational

processes.
Antibodies to clone-l•rOduced human ChE interact with multiple ChE forms and with

thyroglobulin. Bacterial expression of ChEcDNA enabled the production of ChE peptides and
the elicitatlon of antibodies against those. These antibodies interact with various
denatured and native forms of ChEa as well as with purified human thyroglobulin (Tg),
which bears sequence homology/ with ChE [7.20]. Reclproeal experiments have shown that
autoantibodies to Tg in hyperthyroid patients interact with the blotted Chg peptides ss
well as with ChE in endplates of fetal muscle fibers, which may explain the
choltnergtc-re!sted symptoms implicated with hyperthyroidism (21).
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Current research in our laboratory cortinues along these lines, aiming to relate the
expression of particular ChE genes and their sRNA transcripts to defined t.ssue-specific
molecular forms of ChE, In humans.
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STRUCTURE-FUNCTION RELATIONSHIPS IN HUbMAN CHOLINESTERASE APPROACHED BY MICOINJECTING
XENOPUS OOCYTES WITH CLONE-PRODUCE1' SP 6 &RNA

Patrick Dreyfus*. Dins Zevin-Sonkin*, Shlomo Seidman', Hali Zakut. Jad Hermona Soreq*
"*Department of Biological Chemistry, The Life Sciences Institute. M3 Hebrew University,
Jerusalem, 91904.
+Department of Obstetrics and Oynecology. The Edith Wolfson Medical Center, Holon, The
Sackler Faculty of Medicine. Tel Aviv University, Israel.

Cholinesterases (ChE) are ubiquitous, highly polymorphic aerine hydrolases degrading
acetycholine. The various forms of ChE in different tissues way be distinguished by their
substrate specifities and sensitivity to selective inhibitors, as well as by their
subcellular and cell type localization and by the different nature and number of catalytic
and non-catalytic ("tail") subunits composing each form (1]. For example, the major ChE
form in the human serum is globular soluble tetramera of butyrylcholinesterase (BuChE),
highly sensitive to the organophosphorous compound iso-OMPA [2], In contrast,
membrane-associated dimers of ecetylcholinesterase (ACHE) appear on red blood cells and
are sensitive to the qiarternary compound BW284C51 [3]. Heavy "tailed" fcrms of
membrane-assocdat.d AChE are cnaracteristic of muscle [4

1
, whereas AChE tetramers are the

major ChE form in the human brain [51. In order to approach the molecular mechanisms
urderlying the biogenesis of the polymorphic human ChEs, a full length cDNA clone coding
for human serum BuChE 16) was subcloned into the SP transcription vector [7]. Synthetic
polyadenylated ChEmRNA was transcribed in vitro off these constructs and microinjected
into XenopuJs oocytes, where the translation of ChEmRNA [8]. as well as the
post-translational processing and subcellular compartmentalization of the catalytically
active enzyme product take place [9,10].

When Injected alone, the synthetic clone-produced ChEmRNA induced in the oocytes the
synthesis of Ch. capable of dsgrading acetylthiocholine (AcThCh) and butyrylthiocholine
(BuThCh) in the range of micromoles/hr/ng of injecected SP 6 ChEmRNA. several orders or
msgnitule higher than the activities produced in oocytes injected with non-enrichel
poly(A) PUNAJ4-i1. The nascent cytoplasmic enzyme displayed km values of 6.3 x 10 N-
and 1.7 x 10 M" towards BuThCh and AcThCh. respectively, as expected from human BuChE
[11). Also, the BuChE-specific organophosphorous inhibitor iso-OKPA (but not the
AChE-spe-cific inhibitor BW284C51) blocked this ChE activity in the micromolar range,
similar to t-heir n.tion nn serum BuC 1 f12]. In contrest, the membrane-assoc i.ated fraction
of the enzyme displayed kiu velues out ca. 2 x W' M-' tows-ds both substrnten, and was
sensitve to the AChE-specific inhibitor BW284C51 as well. at the same concentration
(1.10 X) as the red blood cell AChE.

Subcellular fractionation of the SP ChEmRNA injected oocytes. followed by sucrose
gradient centrifugation and activity meas~rements, revealed that the clone-produced enzyme
appears as assembled dimers in the oocyte's cytoplasm. membrane-associated fraction and
incubation medium. Co-injection of SP ChEmRNA with unfractionated total poly(A)# brain
RNA induced the formation of C& tetramers, sedimenting as 12 S. in the
membrane-associated fraction. When liver poly(A)* RNA was co-injected, the activity was
mainly constituted of light forms Imostly monomers and dimers). Finally, co-injection with
muscle poly(A).RNA resulted in the appearance of heavy, perhaps tailed forms, associated
with the membrane of the injected oocytes. Altogether. these findinga demonstrate that:
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) SP• 6Ch~mRNA by Itself it sufficient for the blosyntheuis. assembly into dimers and
association with the membrane of active ChE;

b) The affinity of BuChE towards specific substrates and its sensitivity to
organophosphates are most probably inherent properties of the primary amino acid
sequence, whereas the sensitivity to the reversible AChE inhibitor BW284C51 may be
acquired through post-trajislational processing; and

c) The correct formstion of multi-subunit molecular forms of ChE in parzicular tissues
requires both ChEmRNA and other, tissue-specific proteins, that are absent from Xenopus
oocytes.
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C LEMMY ATTACHE P1USPHATIDYLI.NISr AS ITE MIBRANE-P2'OVfl

DOMAIN OF qRPDO ACETL MINESTERASE

Anthony H. Futerm-in and Israel Silman

Department of Neurobiology, Weizmna n Institute of Scierne, Rehovot, Israel

AcetylcAoiirý-sterase (ACME) is one of the arTring group of p[vtoins which are
attached to the plasna-membrarn via covale-tly bound P1. Evidence for this
role of PI comes from two eperimntai approaches: 1) Selective release of
trese proteins by a phosphatidylirositol-specific pbopstolipase C (PIPLC)
frat Sta_.rlococcus aureus, 2) Chemical analysis of their membrans-.nhoirng
domain. AOcE ?RWn Tropýelectric organ was am of the first such poteinr
to be described, yktophicbi forms of TorL AaOi can be selectively
released from ment-anes on addition of PIPL; in addition, dhnical analysis
of the mens ra-ancboring dmvai of AOhE reveals stoidhlomtric amounts of
inositol phosphate covalently attached, by a glycosidic linkage, to a non-
acetylated sugar residue, which is itself attached to the protein polypeptide
backbone, probably via an intervaning oligoglycan. Furt, p aqrcndsmataly 3
rioles of phosphate are found in this 6omain ard GC/M analysis reveals that
the PI oonsists of a mixture of fatty acids, of which stearate and palmitate
are major come;enta. Evidence will be presented for homology between AChE
end a nurmber of oth.er proteins andvred via PI.

In order to examine the localization, distribution, sites of bicsynthe-
sis and antogany of the post-translational addition of the PI-glyoolipid to
the polypeptide backbord of the AChE catalytic subunit, the susceptibility of
AChE to PIPLC dLring the arbrxyoic develcpment of • electric organ and
in the electraobtor system and other excdtable tissues of the adult
ocel ata was tested. PiPLC solubilizes signi'Ficant amounts of the meimbrans-
bo.- c-om of AChE thrughocut ewrbynic devel, =nt of the electric organ, as
it des in this adult electric organ. In ,* electronotor ssten of the
mature fish, PIPLC solubilizes almost quantitatively the AChE dimner in the
electromainw axnn as in the electric orsan itself, but the ooresprdina
fra•jUt_. -,n th eloatric lobe is t totally r-i•-ltnt to tho ý -- -li
pass. This finding implies that the cavalently bWnd rtx~patidylLrnsitol is
added cxxnxitantly with axonal Ixansport. A substantial part of the
brane-boond AChE in back muscle is sensitive to PIPLC, whereas the merabsne-
bound form vni brain is oompletely resistant.

The possible functional signifioance of using PI as a membrane anch0r
for AChK will be discussed.
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TEM VOLTAG;-DEPKJWEN•EI OF TRANSMITTER RZLEASE

Robert S. Zucker
Physiology-Anatomy Dept.
University of California

Berkeley, CA 94720 U.S.A.

In 1981, LlMins et &l. (Diophym. J. 33:323) reported that transmitter
release at the squid giant synapse appeared to be voltage-dependent. Large
depolarizationn approaching the calcium equilibrium potential admit the same
calcium influx presynaptically during the pulpe as euall ones, but the larger
pulses released more transmitter. Subsequently, Augustine at al. (J. Physiol.,
Lond. 367:163, 1985) showed that this vas partly due to the large calcium tail
current following large pulses, and reduced the effect by restrict'.ng attention
only to release during the pulse. They further found that by considering
synaptic delay and plotting release at a short time after presynaptic current,
this voltage-dependence sometimes vanished.

Meanwhile, Simon and Llinfs (Biophys. J. 48:485, 1985) and Fogelson and I
kBiophye. J. 48:1003, 1985) developed ways of predicting the local presynaptic
calcium concentration at release sites near calcium channels. We considered the
diffusion of calcium after influx thrcugb channels into cytoplasm, with binding
to cytoplasmic buffer. Calcium was removed by uptake into organelles. or
extrusion by surface pumps. All parameters bad been measured independently.
Calcium channels and release sites were located according t, microscopic
evidence.

Simulations using these models shewed that large depolarizations lead to
different distributions of presynaptic calcium than do small ones. Large
depolarizations open more channels, with less influx per channel, leading to a
more uniform diztribution of submembrane calcium. Simon and Llinis considered
that the power-law dependence of transmitter release might indicate activation of
vesicles it multiple points, leading to more effective release when many channels
open near a vesicle. I and Fogelaon (Proc. Natl. Acad. Sci. USA 83:3032. 1986)
con;dez- .that the nonlinc:: dc pcndauc ci rel.ase ca tnal calcium
concentration might reflect cooperativity of calcium action at single sites, and
that higher voltages opening more channels cause the calcium domains, or clouds
of calcium ions surrounding channel mouths, to overlap and result in higher
calcium concentrations at release sites. Both models predict a larger
transmitter release at higher voltages admitting the same overall amount of
calcium presynaptically as lower voltagas, without implicating any voltage-
sensitive step in transmitter release.

Parnas and Parnas have performed a very different sllies of experiments on
neuromuscular junctions (Parnas and Parnas, J. Physiol.,. Paris 81:289, 1986),
suggesting that in addition to the effect of calcium on release, voltage directly
controls the release process, too. They propose that presynsptic calcium
enables release, but that in uddition presynaptic depolarization is required for
exocytosis. we tested this hypothesis (Zucker and Landa, Science 231:574,
1986) by using hyperosmotic treatment or mitochondrial uncouplers to elevate
presynaptic calcium sufficiently to trigger substantial spontaneous release.
Calcium influx was prevented by chelating external calcium. Depolarization then
leads to calcium efflux through open calcium .hsnnels, and this effect can be
blocked with calcium antagonists (Landa et &l., 3. Neurobiol. 17:707, 1986).
lowever, depolarization failed to evoke release, even when presynaptic calcium
was high. Controls showed that the tiestments used did not block the phasic
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release process.
We re-evaluated the evidence that had been presented in support of a direct

effect of voltage. Macro-patch electredes were used to excite nerve terminals
twice. As the first pulse increased, release increased vhile facilitation
measured by the second pulse decreased. Although this could indicate an increase
in release while calcium influz decreased in the first pulse, we found evidence
that pulses of different amplitudes preferentially activate different terminals.
Increasing the first pulse recruited distant terminals, which were not tested by
a small second pulse. A large second pulse testing these terminels shoved
facilitation to increase as the first pulse increased. When the first pulse is
given intracellularl.y and the test pulse still uses a macro-patch electrode, the
sane interpretation of the results is possible (Zucker at l.. 3. Physiol.v Paris
51:237, 1986).

Another experiment irdicated that a smnal pulse alone released almost no
transmitter, while after a spike train it triggered massive release. Ve found
this result to eeflect changes in teorminal excitability following the train, such
that a subthreshold pulse triggered an action potential after a train. Similar,
hut less dramatic results, could be obtained in tetrodotoxin, where calcium
spikes at nerve terminals can still occur.

The time course of transmitter release remains remarkably invariant with
changes of calcium influx and testing calcium. Although some formulation* of the
calcium hypothesis of release contradict this, our simulations of presynaptic
calcium transients indicate that this result is expected, especially if the rise
in active calcium is not the rate-limiting step in exocytosis.

Small hyperpolarizing pulses just before or after a depolarizing pulse can
have large effects on release by the p•lse, but little effect on subsequent
release by a second test pulse. This vea taken to indicate that the small
hyperpolarizations affected release directly without affecting calcium influx
and subsequent facilitation. rowever, it is easily shown (Muckey, liophys. J.,
in press, 1987) that small changes in calcium influx will have large effects en
release but very small and probably undetectable affects on subsequent

In conclusioo, thcre is van evidence iLea pre:-n•ptic !,otential during a
spike has any effect on transmitter release beyond its effect on ealcium cztry.
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Short Term and lonA term regulation of transmitter relesen. By

R. Rahamimoff* S.A. DeRiemer+', S. Ginsburg*•i. B. Sakmann%, R. Shapire*,

S. Silberberg* and H. Stadler*.

Department of Physiology*, Hebrew University-Hadassah Medical School,

Jerusalem.

Department of Biological Sciences
4
, Columbia University. New York, USA.

Everysan's University"+, Tel Aviv, ISRAEL

Max Planck Institute for Biophysical Chemistry', Gottingen, FRG.

The synapse is the site of many short term and long term changes in

transmission efficiency. In this communication w concentrate on four recent

findings regarding the presynaptic nerve terminal and transmitter liberation.

1. Extracellular calcium tnhomogeneit.. Clamping the &xtracellular free

calcium concentration (iCa]o) to values found in the bulk solution by calcium

buffers, produces a reduction in quantal transmitter liberation. This

indicates that (Ca]0 is higher near the rcleese aites (presumably the synaptic

cleft), than in the bulk extracellular medium. We do not know whether this

inhomogeneity is due to loc.alized extrusion processes directed towards the

synaptic cleft generating a standing concentration gradient or due to local

calcite binding molecules. Whatever the cause for this inhomogeneity viti

turn out to be, it can produce long term changes in the amount of transmitter

liberated and thus can regulate the synaptic efficiency.

2. Slow depression in transmitter release. Prolonged stimulation of the

presynaptic nerve terminal at low rates (0.067 to 0.5 Wz) produces a slow

decrease in the end plate potential amplitude at the frog neuromuscular

junctlon blocked by d-tubocurarine or -*bungarotoxin. This slow depression

which can reach 50% of the initial response, develops over many minutes and is

of presynaptic origin. Fluctuation analysis by the group regression method

shovs thot It is due to a reduction in the number of quanta released by the

nerve impulse. Furthermore, ionophoretic application of acetylcholine does

not reveal sny substantial change in the post synaptic sensitivity. This slow

depression seems to be an additional frequency modulator of synaptic wb

transmission.
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3. The phosphoinosItide pat.hwa. In recent years there is a greas renewed

interest in the phospholnositide second messenger system, which employs two

tntracellular signals: Inositol 1,4,5 triphosphata (IP 3 ) and 1,2

diacylglycerol (DG). The action of DG in the activation of a

calclum-phospholipid dependent protein kinase C (PKC) can be mimicked by the

phorbol ester TPA (12-0-tetradecanoyl photbol-13 ect aLe). We show that

application of TPA causes an increase in the end plata potential amplitude at

the frog neuromuscular junction. This increase in amplitude is due to an

increase in the number of acetylcholine quanta liberated by the nerve impulse,

witho, any appreciable change in post synaptic sensitivity. Sponteneous

transmitter release is also augmented in parallel with evoked release.

Synaptic depression is deepened by TPA. These result: indicate that the DO

branch of the phosphoinositide system can be used in regulation of synaptic

transmission; ita natural activator is not yet known.

4. Channels In synaptic vesicles. Synaptic vesicles are considered to be the

subcllular structures responsible for quantal transmitter liberation; but

their small aize and intracellular localization made them difficult for a

direct electrophyaiologIcal study. We used a fused vesicle preparation to

obtain large asructures suitable for patch recording. Three types of

electrical activity were observed, indicating that the vesicle membrane

possesses couductaneeC to X+, .z÷ and C1- iona. We envstiage that the

observed channels may participate in vesicle function and thus in the

regulation of transmitter liberation.

Supported by IDA, EMBSO, SFB236, LSRF, CTR, Iorseli Academy of Sciences and

US-Iarael BSP.
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CALCIUM BUFFERING AND CALCIUM MEASUREMENTS IN SINGLE SECRETORY

CELLS; UNDER PATCH CLAMP.

E. Neher

Max-Planck-Institut far biophysikalische Chemie

D-3400 G6ttingen, West Germany

Various ways of stimulating mast cells lead to a stereotyped

calcium signal (1,2) as measured by the fluorescent indicator dye

fura-2 (3). A prominent transient increase in free intracellular

calcium concentration, lasting two to fiee seconds, is followed

by a prolongued phaae of elevated calcium. The transient is most

probably due to calcium released from intracellular stores

because i) it can also be elicited by intracellularly admi-

nistered Inoaltoltrisphosphate (IP 3 ), ii) it is independent

of extracellular calcium, and iii) no ionic currents can be

observed which could mediate calcium entry. If the rising phase

of the transient were due to electrogenit calcium entry through
the plasma membrane, currents in the order of magnitude 10-100 pA

would be expected In a given cell. intracliulaily adniniztcrcd

CaIEGTA buffers have to be in the concentration range I to 10 mM
in order to reliably suppress the calcium transients (4). The

transients also allow an cxrer of magnitude estimate of the

cell's high-affinity calcium buffer con, antration, which turns

out to be inl the range 200 pM to 1 mM.
The origin of the prolongued phase of calcium elevation is not

clear. It is found, however, that [Ca]i following a transient can

be quite markedly influenced by membrane voltago (4), which
points towards an involvement of ionic channels or other membrane

transport mechanisms during that phase. Estimates of membrane
currents which would be required to maintain such elevated

calcium levels (if they were due to calcium entering through

channels) are in the range I pA per cell. Whole-cell currents of
such small amplitude are hard to detect above the background of

unspecific condvctances.

(1) Neher, F. & Almers, W. (1986). EMBO J. 5, 51-53.

k2) Penner, R., Pusch, M. r Neher, Z. (1987). Bioscience Reports,

(in press).

(3) GryLkiewicz, G., Poenie, M. & Tsicn, R.Y. (1985). J. Biol.

Ch)em. 260, 3440-3450.

(4 Neher, E. (1987). J. Physiol. (in press).
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NEUROMUSCULAR TRANSMISSION IN MU!CLES PARALYSED RY
BUTANE DIONt MONOXISI

P.W. Gage, 3. McArdle and A.F. Dulbunty
Department of Physiology, John Curtin School of Medical Research,

The Australian National University, Canberra, Australia 2601.

The chemical phosphatase, butane dione monoxim* (BDM) depresses

surface membrane calcium currents and contraction in cardiac muscle

and the tvo effects are thought to be related (Wiggins et z&., 1980).

We have found that BDD also depresses contraction in mammalian

skeletal muscle, whether elicited by indirect stimulation, direct

stimulation or by raising the extracellular potassius concentration:

twitches, tetanic contractiori and potassium contractures are all

depressed and the effects tre reversible. As the resting meabrane

potential and action potentials are essentially normal in the

presence of BDM, it was concluded that 3DM depresses contraction by

affecting invracilluiar steps in excitatioi•'no....ic ti !n

Neuromuscular tr&nsmission persisted in muscies paralysed by SPH (2-

20 aM). There was little change in the time course, amplitude or

frequency of spontaneous miniature endplate currents D: potentials

but the amplitude of endplate currents and potentials increased,

indicating an increase in acetylcholine secretion. It is intriguing

that a drug that blocks calciuu currents should increase transs'tter

secretion: presumably, it does not block calcium currents in nerve

terminals. 3DM should be an invaluable tool for paralysing muscles

in investigAtions of neuromuscular transmission.

VWggins, J.R., Raiser, J., Fitzpatrick, D.F. and Bergey, J.L. (1910)
Inotropic actions of diacetyl monoxime in cat vantricular
muscle. J. *barmecol and Up. The-. 212: 217-224.
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COXPLEt!TY AND REGULATION IN THE ACETYLCHOLINE STORAGE SYSTF-4 OF
SYNAPTIC VESICLES

Stanley M. Parson., Kryscyna Noremburg, Laurence M. Gracz,
Wayne 0. Kornreich, Pen A. Bahr, and Rosa Kaufman.

Department of Chemistry. University of California, Santa Barbara,
SanLa Barbara, CA, USA. 93106.

The ace-ylchollne(ACh) -torage system of IO•Ld electric organ synsp-ic
vsicles tolomposad of an ATPaso, an ACh transporter and a receptor for tr
inhibitory 2ompound 2-(4.-phenylpiperidino)cyclohexanol (veesmicol; formerly
tM5183). The vesamicol receptor is a very stable protein containing a
critical ";H group and a carboxyl group of piga 6.26 ± 0.03 which probably ion
pairs In a hydrophobic environment with the bound drug. Chemical
modificatirn, proreolysis and pH titration approaches were used to demcnstrate
this. The drug binding site was shown to be on the cytoplasmic surface of the
vesicle menbrane by use cf a Lambrars-impermaant analogue of vesamicol. Rate
processes for association and diissociation of vesamicol were studied and found
to be heterogeneous in some cases, suggesting that multipla forms of the
receptor can exist.

TIen crude vesiclas were banded in in isosm-tic sucrose density gradient
both classical fully loaded VPI and recycling VP2 vesicles could be observed
to actively transport [

3
H]ACh, The properties of the vesamicol receptor

(measured with [
3
H~veasmical bineing) and the amount of the 5V2 ai.rigen

characteristic of many neurosecretory vesi les were studied in both vesicle
types. Relative to VP1 vesicles, the "'P 2 vesicles had a ratio of ACh
transport activity to apparent vesamicol receptor concentration which
tvyicallv was 4 to 7-fold hi.her. whereas the ratio of SV2 antiaen

~c.~r~tat co tO rer varal.c.............................-oý 2-fold.
higher. The Hill coefficient and equilibrium dissociation constants for
vessaicol binding to VP 1 and VP2 vesicles were essentially the same at 2.0 and
19 nH, respectively. This study demonstrated that the vesamicol receptor ACh
storae$ system appears to be regulated in a manner which survives
homogenizatior of the tissue.

A transmembrane signal has been found to regulate the vesamicol receptor.
ypical intact VP1 vesicle preparations express about 200 pmol receptor/mg

protein, whereas hyposmotically lysed, resealed vesicle ghosts express up to
600 pmol/mg or 12 receptors/vesicle. [

3
H]vesamicol bfnds to intact VP1

vesicles in a manner essentially unaffected by exogenous ACh, but binding to
lysad vesicles is blocked by 5 to 50 mM ACh in • pcsitively coopex. tive
noncompetitive manner. Previously bound [

3
H]vesamicol is dissociated by added

Ch with a several minute lag pariod, which suggests that a significant
-oorganization in the ACh binding site occurs before it can cause vesamicol
dissociation. SinLe vesicle ghosts are sealed (demonstrated with
[

1
1C~ribitol) this might appear to suggest that the linked ACh site is on the

outside of the membrane. However, in ghosts the vesicle membrane was rapidly
(<3 sac) and fully permeable to as much as 0.3 M exogenous AMh. The results
demonstrate that much of the vesamicol receptor in Intact VP1 vesiciea often
is cryptic because of the presence of a factor inside of the vesicles which
can be released by hyposmouic lysis and that the factor might be intarnal ACh.
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Finally. it has been demonstrated that the vesamicol r1ceptor is linked
indirectly to ACh transport inhibition. Binding of [ .1]vasamicol and
inhibition of (1

4
CIACh transport are coincident at high VPI vesicle

concentration, but. at low vesicle concentration. ACh transport inhibition
occurs when only a small fraction of the receptor sites have been occupied.
This behavior is apparently time independent. Also, at very low vesicle
concentration some very high affinity (Kd less then lni) vesamicol receptor
clearly is expressed. This suggests that a dissociable factor which weakens
the vcsiimacol receptor affinity copurifies with the vesies,. or that ths
vesicles interact with each other through the vesemicol receptor. Using trace
[

3
H]vesamicol (not enough to inhibit ACh transport) and (

1
"C]ACh. It was shown

that & biotinylated vesamicol analogue occupied the receptor and inhibited
(

14
C]ACh transport. Addition of excess avidin "neutralized' the biotinylated

veasai:ol end freed the receptor, yet [l
4

0CACh transport did not ractivate for
at least the next 50 min. It does reactivate after much longer time periods
or i yj_•_. Thus, although drug binds with equilibrium behavior, the
transport inhibition is irreversible over the relevant time scale. Using
trace levels of [

3
HIvesazsicol, [

1
4CIACh and nonlabeled drug analogues as

competitors (varied from zero to high concentrations), it was shown that at
low vesicle concentration the shift in the midpoint of the [

3 HIvesamicol
dislacment curve Crom the !14C1ACh transport inhibition curve depends on the
analogue studied. For example, it is 3-fold for 1-vesamicol (the active
enanciomer). 6-fold for g-vesamicol and 10-iold for deoxyvesamicol. This
relationship hold for 16 vesaaicol analogues and 9 other compounds of widely
varying structures. Only for a weakly binding diner of vesamicol,
hexsmethonium and chloroquine did the two curves fall in reverse order, and in
no case was there a potent compound able to block [1 4 C]ACh uptake without
displ-Ing -njvva.,.lthl afctar ef ln.^la k~oher concentration of
the ligand. Thus, there is no evidenca thaL anoctex ligma4 luldin a
critical to ACh storage exists. The result also suggest that an induced
conformational change in the receptor dopendent on the drug structure links
the vesamicol receptor and ACh transport inhibition. Lastly, in lysed
vesicles where ACh inhibits [

3
H]veasmicol binding, the inhibition was shown to

not occur at very low vesicle concentration. This suggests that an external
dissociable factor which copurified with thi vesicles mediates linkage between
the ACh and vesamicol binding sites.

In summary, these results strongly suggest that the ACh vesicular storage
system is physiologically regulated and complex. At least one osmotically
active internal factor which might be ACh controls the conformation of the
vesamicol receptor on the outside of the vesicle. An external dissociable
factor mediates this s!Igl and the affinity of the re-eptot for vesaiicol. A
possible physiological rcle for such a signaling device vill be discussed.
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THE MECHANISM OF ACETIIHOLINE RELEASE : ITS ESSENTIAL CO.PONENT
THE NEDIATOPHORE

M. ISRAEL, N. MOREV.. B. LESBATS, S. BIRMAN and R.MANARANCHE

Dfpartement de Neurochimie. Laboratoire do Neuroblologie
cellulaire et mol~culatre. C N.R.S.. 91190 Gif our Yvette. FRANCE

Torpedo electric organ syneptosomes have proven to be very
convenient for studying the mechanism of acetylcholine release.
Ultrestrunturol changes taking place In the nerve terminal
meebrane while It releases transmitter suggest that a category of
large InLramembrane particles which become more numerous support
the translocatlon of acetylcholine upon calcium action. The
Involvement of Integral membrane proteins in the release process
was also demonstrated by ircorporatlng them into artificial
membranes which inherited from the native membrane the property
of releasing acetylcholine in response to a calcium influx. This
observation led us to purify from synaptosomal membranes the
protein called medistophorm which Is Involved in the release
process. A doughnut shaped molecule of ahout 200 000 d made of
subunits at 15-17 000 d could be characterized. It has several
es-' ntial physiological and pharmacological properties attributed
to the mechanism of acetylcholine release.
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MOLF)CULAR PROPERTIES OF THE SODIUK CALCIUM EXCHANGFR.

iqn,%h Rahazinoff, Art Bsrzilai, Narit Shardbani and Rivka SpAnier.

Depavtnent of Bkocheatstry, Hebrew University - Hadassah Medical School,

P.O.Box 1172, Jerusalem, Israel.

The Na+-C&2+ exchanger is one of the major Ca2+ traosporting molecules

in excitable cells. To date, no inhibitor, toxin or affinity probe is known

that could label the protein moiety associated with the Na+-Ca
2

+ antiport

activity and identify It. Therefore enriched appearance of a protein band on

SUS-polyacrylamide gels in conjunction with increased specific transport

activity served as a sole criterion for its purification and identification.

Recently we have identified the protein moiety responsible for Na+--Ca
2
+

exchange activity in synaptic p1 seas aeabrkines (SPM). This was done by rais-

ing polyclonal antibodies in rabbits against each one of the detectable

proteins present in the purified preparation containing the enriched speci-

fic transport activity. Two of the antibody preparations bound specifically

to native SPM: antibodies which were raised against the 70,000 Da protein

(the most prominent species consistently present in the purifiei prepara-

tlo). and -- rihndirs raised against a 33,000 Da protein (inconsistently

present In vari-ble amounts in the purified preparation). 3oth sa..Adboi

bound exclusively to a protein of 70.000 Do in native SPW. When, however,

the purified 33,000 and 70,000 Do proteins were used as antigeas, each one

of the antibody preparations bound to both protein3.

In addition, both antibody preparations immuncprecipitated Na+

gradient-dependent Ca
2
+ transport activity from solibilized SPH. This was

obtained by incubation of solubilized SPH with a couplex containing anti-

bodies bound to Protein A-Sepharose beads, reconstitution of the saterial

excluded from the beads and determination of the residual transport

activity. The decrease in Na+ gradient-dependent Ca2+ transport activity

p-aralleled the amounc of antibody bound to Protein A-Sepharose beads and

could reach 822 as compared to the activity remaining in control experiments

using preizzune sera. In comparison, ATP-dependent Ca2+ transport activity

was unimpaired.

These results indicate that the 70.000 Da protein in SPH contains the

catalytic Na+_Ca2÷ antiport activity. The presence of the 33,000 Da protein

in so3e preparations and its properties may be explained by Its being either

a degradation product. or a subunit of the 70,000 Da protein.

Supported by the Muscular Dystrophy Association, New York, N.Y.

and the Israel Academy of Sciences. Basic Research Division.
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The purified 70,000 Da protein is a gl7coprotein as revealed by treat-

ment of the purified 70.000 Da species with endoglycosidase F. The deglyco-

sylated protein migrates on SDS-polyacrylamide gels as an approximately

5O,000 Da protein. Limited proteolysis by V8 protease or trypsin reveals

that the polyclonal antibody preparation binds also to some of the larger

peptida fragments obtained.

The stoichioretry of the Na+-Ca
2
N exchanger from the synaptic plasma

.vembranes was studied in both native, and reconstituted preparations. In

kinetic experiaents performed with the native preparation, initial rates of

Na+ gradient-dependent Ca
2

+ influx were comparad to Ca2+ dependent Na+

efflux. These axperiments showed that 4.82 Na+ ions are e -changed for each

Ca
2 + 

iori. Thermodynamic approach in which equilibrium measurements were done

with the reconstituted preparation resulteul in similar (4.76) stoichiometry.

The effects of membrane potential, employing valinomycin induced K+ fluxes

could be demonstrated in the reconstituted preparation. The stoichiometry of

the Nz+ -Ca 2 + exchanger reaained the same both under conditions of positive

inside or negative inside polarization of the vesicles membrane. The dxrect

contribution of the Na+-Ca
2

+ exchanger to the meabrane potential across the

reconstituted vesicle membrane could be demonstrated by using the lipophylic

cation tetraphenylphosphoniua.

Positive inside membrane polarization did not change the Ka to Ca
2

+

when Na+ ýradient dependent Ca2+ influx was measured. It led however to a

4-fold increase in the Vaax of the process, When the ratio of internal to

led to a reduction by a factor of approximately 20 in the extent of Na+

gradient required for half apparent maximal reaction velocity to be

reached.
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PO1ASSIUM CHANNELS IM SYNAPTOSOIES: PHARMIACOLOGY AND TOXICOLOGY.

Blaustei., M.P., Bartschatp D.K., Benishin, C.G., Colby, K.A.,
Krueger, B8K., Schneider, K.J. and Sorensen. R.G.

Department of Physiology, University of Maryland School of
Medicine, Baltimore, Maryland, 21201 USA.

Tracer 4 2 K and 8 6Rb efflux cethods have been developed to study
the properties of K channels In Isolated rat brain presraplic
nerve terminals (synaptosomes). On the basis of blocking
pharmacology and characteristic tracer kinetic profiles, we have
identified six different types of K channels: 1) Restin$ X
channels represented by the efflux intc medla containing 5 mM K.
This conductance Is relatively insensitive to K channel blckers.
2) A depoltrization-gated, rapidly Inactivating ( I sac) K
conductance that corresponds to the A current. This Is
selectively blocked by 4-aminopyridine (< 1 it) and by - and -
DaTX, two pollpeptide components of rDndroaspis angusciceps venom
(dendrotoxins). 3) A depolarization-Gated, non-InactivatIng K
conductance that corresponds to the delayed rectifier. This Is
selectively blocked by phencyclidine (PCP) and dexoxadrol. by B-
and -OaTl, and by venoms from several scorpions inclucding T.
serrulatus, C. sculpturatus, and L. quincluetriatus. 4 and 9T

'-T -a'FtI~ated K tannels hat are selectively blocked by low
concentrations of quinine (I u14), and the neuroleptics.
haloperidol and the phenothiazines. There are two components,
with different sensitivities to the phenothiazines (ICSO - 20-30
nM and 1-1 uM). A component of L..Qu.nquestrtatus venom blocks
some of this conductance. 6) A K conductance thai is selectively
activated by certain sigma opiolds and by levoxadrol (but not by
its enantiomer, dexoxacrol). The ability of these agents to open
this K channel can be blocked by naloxone.

7he two voltace-oated K channels in hippocampus and corpus
Itfri~tui~nar, W..VFgs ;pp .-cnt............dulated bk. protein
kinase C, since diacyl glycerol causes a time-dependent
inhibition of these channels. The data suggests that
pho3phorylation may be involved In regulating these channels.

We have begun to deterinine the chemical nature of some of these
K channels by labelling them covalently with 3H-azido PCP and
with, 12 5 1-1abelled dendrotoxins.
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PRESYNAPTIC CURRENTS IN FRCG MOTOR NERVE TERMINALS

A. Arnon, G. David, E. Sevron and Y. Yaari
Department of Physiology,

Heorew University School of Medicine, Jerusalem, Israel

Transmitter release from presynaptic nerve terminals is
btrong.y influenced by the waveform of nerve terminal
polarizatiCn following the arrival of an action potential. This,
in turn, is largely determined by the properties of ionic
conducrtances present in the nerve terminal membrane.

The small caliber of vertebrate motor nerve terminals
preclides d~rect analysis of membrane currents by standard
current- and voitage-clamp techniques. A more indirect approach
is pzovided by the perineurial sheath surrounding motor axons
(but not their terminals), which forms an electrically insilated
"tube" around motor fibre bundles. Thus, an electrode positior.ed
in this "tube" records extracellular currents flowing between
axons and their terminals. Using this approach several troups
have analyzed presynaptic spike currents in mammaliaz and
amphibian motor nerve terminals. Their results suggest the
existance of multiple K+ (gK+) and Ca++ (gCa++) conductancen in
this structure, Which may be modulated by neurotransmitters,
neurotoxins, and nerve :tivity. Here we shall describe in some
detail our analysis of -.. osynaptic conductances in frog cutaneous
pectoris motor nerve terminals.

Fecordings from nerve bundles containing one or several motor
axons disclose a "fast" gK+ in the corresponding nerve terminals,
which may contribute to rapid spike repolar zation. This gK4
persists in Ca÷+-free solutions but is blocked by 10 uM or more
of 3,4-diaminopyrldine (DAP). Following DAP application, a second
gK÷ is' revealed, which has a slower time course, and is blocked
by exposure to Mn++ or Cd++ and by extracellular Ca++ washout.
This presumed Ca+'-activated gq+ is suppressed also by i-5 mM

presynaptic gX+s are sensitive to blockade by the neuromuscular
transmitter acetylcholine (ACh). Hovever, the high (0.5-2 mM) ACh
doses required for this action and its insensitivity to
d-tubocurarine and atropine, suggest it is not exerted via
classical cholinergic receptors.

When preparations are incubated in 10 m4 TEA, which
presumably blocks most gK+ in the motor nerve terminals, 3arge
signals reflecting inward currents at the terminals can be
recorded. They are identified as presynaptic Ca+÷ currents by
several criteria: a) their magnitude Is positively related to
[Ca++]o; b) they are reversibly reduced by Mn÷+ or Cd +; c) they
persist when Ca++ is replaced by Sr++; d) hey are reduced by
vezapamil (provided the nerve terminale are depolarizee by
elevated [KI]o). These presumed Ca++ currents are not blocki i by
the dihidropyridine antagonist nifedipine, suggesting the
presynaptic Ca÷+ channel type is not the ubiquituus "L" type.

Repetitive (20-100 Hz) motor nerve activation in standard
Ringer solution induces the buildup of presynaptic currents,
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which resemble the presumed Ca++ currents encountered In TEA.
They are similarly reduced by lowering [Ca*÷iO or by adding Kn+÷
or Cd÷÷. It is possible that repetitive nerve activation causes
partial gK inactivation, thereby prolonging presynaptic spike
depolarization and Ca+÷ influr. Such a mechanism may Contribute
to frequency modulation of transmitter releas, rtom motor norve
terminals.

Supported by grants from the USA-Israel BSF and the Israeli
Center for Psychobioloriy.
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MOLIECUJ1.AR STUDIEkS OF THE POSTSYNJAPTIC 43rK PROTE!N AND
CA.A.CIL5 CH4ANNELS FR~OM Ski-A.ETAL MVUSC iE,
%mrtney C. Frojqaner, ^qiliiiarn J. Laaf-.halle, and Mary F. Morton,
.ja'tmouth Medical tclvfahl, , ewv Hampshire 0766 USA

Propee align~ment ,%i ( aci'emokicules at the n. romu'scular junction is
necessary for rapid sill iai Ivnsir'ission across the synapse, For example,
hiph cconceritrations c.- acety'l,ýholinie r-cte~'s occjr on the crec,s, tcf
OL.Stlunclilonal foldý direc.11.y acrass the synaptic gap f~om presyr.spti'r
activ~e zonef; .0ere voltagu-ser~nitive calcium Lhanneký are thought to be
localiz~dr. The cellular mechanimsms respon.-ible for foi ilr.g and mainwtairnirj
the spt.cialized dist-ributions of these two lor. chiane's are largely unknvwn.
Wa have examined peripheral membrane proteins of t1he postsynaptic
membrane toought to be Involved i,, ar'chorli'n receptors at synaptic sites

and ~ ~ .ha.ss eu odvlŽ miunological prcýis for voltage-activated
calcwrm chainels.

The Torpedo ele-trocyt-5 postsynaptk.; membrane containn, in addition to
the acetylz.hoýIine receptor, ý; amior, peripheral membrane protein of M~r
43,0003 (4WK protein). Indirect ev~idonce has impficated ?his protein in the
rtach-anisms tha t restrict receptor mobility, In Torpedo alectrocytes, the

-,.4 K protein Is coextensively distributc~l with, thp, cacr~pta:, can be
chernicai4y crosslinlked to I'e beta subun'ý, and nC(.Ls in concentrazkm.s
appr.)xirrnatoly equitnolar with the receptor. This stoich;Qmetric
relationship is feund throurg cut electric orgain uisvelopmen~t of the electric
organ istudeas done in collaLoration with V. Witzemrann'. Tihe receptor and
the 4.1,1 protein increase in a parallel mlanner from 9ppIrox imatc-ly 0-2-0.4
prnoles/mng protein ':n -44mm embiryos to approxitTatel y 20C pmo~esfimg in
adult tissueS. At each developme,-ital stage exaMined, thE equimolar ratio of
43K protein and AChR w~is maiotained.

ltiotoclonal antibodiies to the Torpeco 4.W protein recogri?.c- ; prcu:in of
t-44niiar size ir marmmalian muscle Q0-5. Tne 43K protibin sý asociatedwt
patches of AChR that ari.;e -,pontaneously on C2 anyotuoes. In these cells,
the 43K protein and AChR are coordin~f"Iy -- rcssacl! biuichiomnet'c

amc~Li½. i ooiibnrat,~..c l boratory. we have examincd the
iaxpiession of thie 43K protein in nelics variants of G2 cells; that iack
functional AChR. In one varihnt that fails to synthesi%,e ýha alpha subunit,
43K prott.ri was expr.es~ed at approximately c;-tiwird the level found in

wl-tp cellIs. The variant did expres!ý the A~JhR beta subunit at If-vels
op'a ra~ble to 'ha, found for the 43!( pcczeiri. These resutts sugges! that

expressio n oi fthe receptor and the '13 protein are coord~rated and may be
Su iect to the samne regulatory ror, kols.

To examine the d!istritu~on and molt ;uat structure of calcium channels,
-va have preparad monoclonal ant~ibodies to thi dihydropyridine
(DHP)*hlnding complex/calcluin chaninel from -rabbit musclo transverse
tubules Although the t-tubule calcium. channels are pharmacologically
distiinct from those found In most nerve terminals, structural similarities
may exist. One mo'ioclona! antibody, mab 1A, lmminloprocipitates the
digi nin-solubilized DHP-binding complex. This complex, when purified by

WAchvomiatography, sedim'ents as a 21S comnponent. The sedimentation
coefficient is Increased to about 24S after Incubation with mab 1A lqG.
Four polypeptides with a pparent mclecular weights under nonreducing
conditions of 22OkDa, 2O0kria, 61kDa. and 33kDa cosediment with the 215
complex. Mab 1A recognizeq the 200kDa polypeptidle, as shown by Wesit.-n
blotting analysis. The electrophoretic mobility of this protein is unaffectod
by disulfidle bond reduction. DHP-binding complex purified by WGA
chromatography followed by immurtoaffinity chrom-atography on a mab 1A
column Is comprised primarily of the same four polypepti des- Thus, the 200
kDa protein is a cormponent of the DHP-bindlin g complex from rabbit skeletal
muscle, and in association with the other polyp eptides, may comprise the
voltage-sengitive calcium channel.
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ACTION OF ANTICHDLI.NEsTERASRS ON ACEYLNOaIINE REmEPTORS

Mohyee 3. Eldefrowi

Dept. of Pharmecology & Exp. Therep., University of Maryland

School of Medicine Baltimore. Maryland 21201.

The interactions of carbamete LA d organophoephete smticholinesteraee

with the nicotinic acetylcholine (ACh) receptor of 11orpodo electric organ and

muiscerinic receptors of rat brain and neuroblastoss 14R-115 cell culture ware

studied. The effects on the nicotinic receptor wore investigated by the

changes occurring In its binding of 12fI-a-bungarotoxin and 31-phe1acclidine

and in receptor regulated 20Wn* fluxt and on the wucarinic receptor by

changes In its binding of 'H-quinuclidiryl bentilate and *I-ci-e

nethyldioxolane and in 31i-dQ synthesis.

On the nicotinic receptor, the organophosphatee soen and echrthiophate

interacted with the LCh binding site, acting an partial agoists, while VX was

-a -. 1nateric inhibitor of the receptor's open channel conformation. The

carbonates neestigmine and pyridostigoine acted an partili agonists" 'mhis

physosatigine was an open channel blocker. Tetraalkyleamoniu

ant icholinestereses interacted with the different receptor sites.

Tetramethylamonium acted as an agonist. Increasing the chain length of the

symmetrically substituted tetralkyleamoniu- co•mounds increased the affinity

of the receptor'a Allosteric site for them but decreased the affinity of the

ACh-binding site. Idrophoniua acted as a depolarizing blocker.

The populatiorn of muscarinic receptor with a very high affinity for 2U-

cis-lmethyldioxolane had a very high affinity for certain organophosphates

(e.g. VX). The carbamates also inhibited the auscarinic receptors but only at

very high concentrations.
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$)xadiszolidinones, the nonesteratic irreversible inhibitors of ACh-

esterg3e reacted reversibly, but with much 1. er potency with both nicotinic

and auscarinic ACh receptors.

The nicotinic ACh receptor of Torpedo electric organ. wee used to develop

a biosensor for orgerophosphate nerve agents. The pure ACh-receptor alone and

with ACh-esterase were incorporated into liposoee. inds of a mixture of

phosphatidylcholine and cholesterol. The reconstituted liposomes were

interfaced with capacitance sensors devcloped at the Applied Physics

Laboratory of The Johns Hopkins University. The capacitance, measured by a

GR-1657-RLC Digibridae, increased when the biosensor was exposed to ACh in a

dote-dependent and reveraible manner. A d-tubocurare-treated biusensor failed

to respond to ACh. Effects of anticholinesterases on the ACh receptor-based

biosensor will be reported.
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CERTAI! KU5CAHINI ANTACONISTS ARE NONCOMMETITIV INHIBITORS OF THE
NICOTINIC ,CETYLCHOU.NE RECEPTOR.

G. Amitai j,. ierz .. Br.ckstein and S. Chapman pept. of
Phrrm-ýrccgy. 1iBR. P.O. Box 19 Ness Zions, Israel and Dept. of

SI si&macology h-036. School of Medic~ne. UCSD, La Jolla Co. 92093.
USA.

The AwcarinirC antagonists, etropine, aprophen and benectyzine may

be used r s antidotes for the treatment af orgaiiophosphorus (OP)
poisoning. We have studied the inter3ction of these drugs. focusing
mainl.' on aprofhen and benactyzine, with nicotinic acetylchGcine
receptor (Ar:iR) in SC3H-1 intact mur •le cells and with
-e,:ep or-enriched membranes of Tor edo californica. Apropien and
benactyziAe djiinish the the maxlimal carbamylcholine (carb)-i licited
sodium infliux into muscle cells without shstipg K X (curb
co tentratlon eliciting 50% of the maximal N' nfNa in ). The
coný.netration dependence for the Inhibition of od-"-i influx by
aprophen and benactyzine occurs at lower ;oncentration.r (K . 3
8?5 501' -espectively), than those needes' for the displacefitt of

I -a-bungarotoxin from the agonist/ant &gonist sites of AChR (K
83 and 800m-. rwr-ecti, ily). The effective concentration foxr tU1

inhibit'on of AChR response by atropine (K . 150PM) is
significantly hirher than those obtained ffik aprophen and
benactyzine. Both apropher. and benactyzine interact with AChR In its
desenzit zed state In BC3H-l cells without further enhancing agonist
affinity. Furthermore, in BC3H-1 muscle cells, aprophen and
benactyzine do rot alter K d equilibrium concentration of carb

whicr diminshes 50% of twLh maximal response). However, both
compounds preferentially associate dith the high-afflnity state
rather than the resting state of rorpedo AChB. The K values
t.btaiped for aprophen and benactyzine from equilibrium di•lacement
of [ H]PCP in Torpedo are: 16.4 and 3840M, compared to 0.7 and
28.01M. £nt•presenCe o l- crb. _*_se5e_:EVe1y: TheSu -5tkti lurly thor-

aproph~n and benactyzine binding to To__rpedo AChR is allosterically
regulated by the agoniat site.
Wh1ile previous studies have shown that aprophen and benactyzine are
muscarinic antagonists at 10-lO0nM. the present study demonstrates
that these ligands are effective noncompetitive inhibitors of AChR
at 3-5-Vm. in either To1zpeo or mammalian muscle cells. These
effoctive concentrations correspond very well with the plasma level
of these drugs found !n-viv" to produce a therapeutic response
against OP polsoring.
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BINDING PROPERTIES AND TRANSMEMBRANE SIGNALLING OF MUSCARINIC
RECEPTOR SUBTYPES

E. Heldman. Z. Pittel, Y. Karton and A. Fisher.

Israel Institute for Biological Research. Ness-Ziona 70450.
Israel.

lhe existence of various muscarinic receptor subytpes in the
central nervous system is indicated by multiaffinity binding
curves for agonists such as carbachol (CCh) and by differential
changes of the binding properties of muscar.ntc receptors, from
various brain regions. in response to chemica' treatments such as
N-ethylmaleimlde. However, it is unclear whether these various
receptor subtypes use different transmembrane signalling
mechar sms to achieve the physiological response.
In the present work we used a novel selective agonist. cls-2-
methylsplro(1,3-oxathiolanle-5.3')quinuclidine (AF1028). designed
and synthesized et our laboratory, as a tool to study the
transduction mechanism of the Ml receptor subtype. The binding
properties and the biochemical effects of this agonist were
compared to those of the ganglionic MI-selective agonist, McN-A-
343 and to oxotremorlne which has a relative high selectivity
toward M2 receptor subtype. 3he potency of AF1028 In displacing
the nonselective antagonist H-QNB from cereberlar howogenate
(rich in V2 receptor subytpe) was much lower than that of
oxotremorine, Nowever AFIO2A was similar to licN-A-343 in
displacing "-QNB from forebrain homogenate (rich in Ml receptor

%.. 4 na4thr.niwM-selectivity -Of

AFIO2B. Displacements of the selective H! emigor,$t. ,
pirenzepine and the nonselective agonist. H--cis-methyl-
dioxolane. also showed that AF102B was the most selective Ml
compound when compared to oxotremoripe, IcN-A-343. AF1O2A (the
trans isomer) cis-AF30 and trans-AF30 (the dioxolane analogs.
.respect•iely). -lhe agcnistic nature of AFlO2B was shown in
binding studies, where nonhydrolyzable GTP analogs, as in case of
CCh. shifted the displacement curve to the right, as well as in
functional studies where AFlD2B, same as CCi. was able to induce
atropine-sensitive contractions of smooth muscles (isolated
guinea-pig ileum and trachea). However. unlike the agonist CCh,
AF1O2B affected neither the adenylato cyclase activity nor did it
potentiate phospholnositide (P]) turnover. Nevertheless. AF102B*
inhibited the ECh-induced hydrolysis of phosphatidjlinositol
bisphosphate but did not affect the CCh-induced inhibition of
adenylate cyclase. Thus it seems that although activation of Ml
receptors in the brain does not potentiate P1 turnover, this
biochemical function ii somehow associated with the Ml receptor
subtype. Indeed, the distribution of Ml subtypes receptors in
the various brain region! is similar with that of CCh-induced PI
turnover (e.g. cortex ane striatum), while the distribution of M2
subtypes receptors is similar vith that of CCh-induced inhibition
of adenylte cyclase (e.g. cerebellum).
Supported by Snow Brand. Japan.
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BIOCHEMICAL AND BEHAVIORAL EFFECTS OF ACETYLCHOt!NESTERASF INiHIBITION IN BRAIN

E. Giacobini and K.A. Sherman, Department of Pharmacology, Southern Illinois

University School of Medicine, P.O. Box 3926, Springfield, IL 62708 USA

The effect of acute (single or multiple dosage) Md chronic (up to 50

days) administration of three drugs producing reversible inhibition of

acetylcholinesterase (ACHE) in brain (pnysostigmine, tetrahydroaminoacridine

and metrifonate) was compared in rats. The results reveal major differences In

biochemical effects such as percent and duration of AchE inhlbitiin, regulation

of acetylcholine synthesis and release, uptake of choline and binding to

cholinergic receptors. Behavioral effects such as "stereotypy" and tolerance

are also markedly different. These results suggest differences in mechanism of

action of various AChE inhibitors in brain. These experimental findings hive

potential clinical implications for the symptometic therapy of Alzheimer

patients, suggesting new strategies and novel models of administration of

cnotinesterase inhibitors. (Suppofted by gyan, tS fro,- the V • nst. Al-ng

4AG05416-DIAI and Illinois Dept. Public Health).
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MOLECULAR BASIS Or ANTICHOLINESTERASE ACTIONS ON NICOTINIC
AND GLUTAKATERGIC SYNAPSES.

Albuquerque. EX., Aikondon, M.. Aracava. Y., Cintra, W.N,0
and Swanson. K.L

Department of Pharsacology and Experimental Therapeutics
Unirersity of Maryland School of Medicine. Baltimore,
M~ryland 21201 USA

The understanding of the interactions of cholinasteras.
(ChE) inhibitors, including certain insecticides, a-ad the
ChE-reactivating oximes with the macromolocular entity
comprising the nicotinic receptor and its ion channel (AChR)
is of fundamental importance for the proper treatment of
insecticide poisoning and sal, t ioa of appropriate thera-
peutic approachee to central cholinergic disorders. In
addition to their ChE-inhibitor properties, both reversibla
and irr versible anticholineaterase agents, (carbamat•s and
onganopl aphorux compoun,' ) have direct actions on the
peripheral nicotinic AChL. acting as agoninst, blocking the

ion channel in its open conformation via noncompetitive
mechanisms or enhancing receptor deeensitization. The
pyrdinlum compounds with oxime groups, auc,ý as 2-PAM and
HI-6, and another bispyridinium compound which lacks the
oxime group, namely SAD-128, hava been shown in our labor-
atory to modulato the ionic currents occurring at the itog
endplate region. Voltrgo-clamped endplat& currents (EPCs)
are Increased in peak amplitude and prolonged by ChE inhibi-
tion, but EPCx were decreased in amplitude and either

,artrned cinvyrted Into biphasic decays in voitape-
Jcpepuent'maner by the noncompetitive actions of 2-PAN, Hi-6
and SAD-l2S. Acetylcholine (ACh)-induced channel openings
(open tames) were also shortened by HI-6 in a voltage-
dependent manner &a , vealed by patch clamp studies. The
AChR channel-blocki-,F effect of these pyridinias compounds
may remain as one ef the mechanisms by which they produca
antidotal effects against organophosphate agents. The
strength of this hypothesis is further enhanced by the
significant protection against lethality of organophosphorus
agents offered by (+)phesot igmine. which in the absence of
significant reversible iE ,hibition may be attributed to a
noncompetitive blockade of ACI-.. Other aspects of anti-ChE
agents independent of ChL ino.ibition are also under investi.
gation. Furthermore, studies with forskolin and its analogs
have disclosed a possible involvement of phosphorylation in
the regulation oC nicotinic AChR activation. Ion channel
blockade produced by nicotinic noncompetitive antagonists at
the locust glutamatergic synapse rai.es the possibility of
certain similarities between ACh and glutamate receptors.

The biochemical and eleetrophyaiological aspects of the
centra', nevaous system oicotinic AChR are being investigstad
using selectiva and stereospecific ogents. Although so
differences in agonist effects at entral and periphe
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receptors have been encountered, the present study disclosed
marked homology between the putative hippocexpel AChRs and
those on the muscle. In biading experiment6, (+)anatoxin-a
(•, Jh~yg•. 22: 250. 1986) was a potent competitor of
[H16-)ntcotine binding to rat braii, membranes (Kj - 3 x

10- ?A); the (-)anatoxin enantiomor was two orders of mag-
nitude less effective. To saw if (i)*netoxin-a also acts as
an agonist in the COS, the toxin was tested in & uodel system
based on the presynaptic, nicotinic facilitation of trans-
mitter release. Syneptosomas from rat hippocanpus were

loaded with [
3
H~chollns so that perfusion with Kreb's

bicarbonate buffer into which pulses (100 p1; 50 pH) of
(-)nicotine vex* introduced resulted in the release of
discrete peaks of f3Hi]ACh. This relea-e of nourotrenspitter
could be partially blocked by the nicotipic antagonist
dihydroferythroidine (10 jH)- Similarly, hippocampal
synsptosomea loaded with ( HICA&A responded to pulses of
nicotinic agonist by releasini this redlolahelled trans-
mitter. The higher labellina I H]GGAA allowed lower agonist
concentrations to be tested. In this case, 10 AN (.)nicotine
and 1 pi( (+)&natoxi.n-s released comparable amounts of
I

3
HIGABA. The results suggest that (+)anatoxin-a is at least

5 times more effective chin (-)nicotine at presynaptic
nicotinic receptors in mammalian brain. (D.R.B. Nacallsn,
CGC. Lust, S. Wonnacott, Y. Arscava. H. Rapoport and E_..
Albuquerqoe. Proc. A d. . submitted). The
hippocanpal AChRz showed a similar sensittvity to histrioni-
cotoxin, a probe for ion channel sitec, an the muscle AChes
([fL55IL &. 2W2:292. 1987). Using (+)anatoxin-a and ACh as
probes of nicotinic ACM and employing the patch-clamp
technique. we recorded channel activation in hippocampal
nearons cuii..i.,! froa f.:tzi ztc-----------------ltural.
Channel activity was recorded from an area close Lo the axon
hillock of the hippocampal neurons. Both ACh (0.4 ph) end
(+)anatoxin-a (0.1-0.4 pH) activated single channel current,
whose conductances and durations were quite similar to those
recorded at the perijunctional region of the muscle endplate.
Additionally. AChRs activated by either ACh or (+)anatoxin-a
were sensitive to a-bungerotoxin end dihydroPerythroidine.
These studies deaonstrate the presence of functional
nicotinic AChks on the neurons of rat hippocampus. The
sensitivity of central nicotinic receptors to (+)-anatoxin-a
at~d analogues and physostigmine has also been tested using
the patch-clamp technique in isolated hippocampal pyramidal
cells, ganglion cells of the retina and brain stem
respiratory neurons. This study may provide more efficacious
end specific analogues for further biochemical and electro-
physiological analyses of various receptors. including those
involved in chclinergic disorders.

I
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ROLE OF LIPIDS IN THE YdMULAT)ON OF THE BINDING

PROPERTIES OF RAT HEART MUSCAIUNIC RECEPTORS
AND THEIR INTERACTION WITH G-PRITEINS

• L J Z41§ý EY MOSCONA-AMIR and MORDECHAJ SOKOLOVSKY

Department of Biochemistry, The George S. Wise Faculty of
Life Sciences. Tel Aviv University. Tel Aviv 69978, Israel.

In order to investigate the dependence of the properties of
cardiac muscarinic receptors, ar.d especially their interactions
with G-proteing. on the membrane lipid composition, we employed
primary myocyte cultures prepared from the hearts of newborn
rats. The membranf lipid composition in these cells undergoes
dramatic changes with the culture's age (number of days in
culture), and it can also be manipulated by treatment with
liposomos of specific compositions. The changes in the lipid

composition resulted In significant alterations in thr

organisation of the plasma membrane lipids in lateral domains.
Concomitant alLerations were observed in several properties of
the muscarinic receptors. Aging of the cells in culture resulted

in reduced muscarinic binding capacity, and in changes in the

proportion of high and low affinity states towards agonists. In
parallel, major changes were observed in the coupling of the
muscarinic receptors with G-proteins: while guanine nucleotides

converted high affinity agonist binding sites to the low affinity

form in homogenates of young cultures, a reverse effect
(conversion from low to high affinity si tes, 4n z;.;

,.lutuwe,. Th'ee &lttaLjios&6 1ii L s properties or the muscarinic

receptors appear to be intimately associated with the age-
dependent slterations in cellular lipid composition and
organisation. since manipulations of the lipid composition of
aged cultures back to that of young cultures by treatmento with

phosphatidylcholine-containing liposomes returned all the
muscarinic parameters measured back to those observed in young
cultures.
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NEUROTRANSHISSItN AND SECOND HESSENGERS IN

XENOPUS OCCYTES
Y. Lass, 18. 8111o, R. Boron, E. Uershon and N. Dascal
Department of Physiology and Pharmacology. Sackler
School of Medicine, Tel Aviv tUniversity, Remat Aviv,
Israel

Xenopus oocytes present a convenient experhuoental
system for the study of second me ssenger-medatoed
neurotranamitter responses. These cells disoplay a

muscarinic response, consisting o4 a two componýent CI
current, accompanied by Cl current fluctuations and a
less prominent slow K current. The muscarinic response
is most rel iably observed in intact 4foll Icles (oocytes
thAt still retain envelupinq support tissues). The

muscarinic Cl current response is mimicked by

intracellular injection of Ca or IP3. It is blocked by
intracellularly injected ESTA. Application of ACh

results in Increased polvphosphoinosi tide breakdown,
enhanced 

4 5
Ca efflux from preloaded cells, and

inhibition of the response to adenosine, probably

through the activation of protein kinase C. Thus, the

mustarinic membrane response (Cl current) in the oocyte

is mediated throuphs the phospholipase C - Ca

mobilization pathway.

Wihen Xenopus u, ta-, a re - Ijncted with exogenous

,njesslpnq r RhN&4 they express membra-I" rte-- t-;p *-d ion

channels characteristic of the qs3urse tissue 4rom which

nmRM was extracted. This approach allows the sludy of

ion channels and neurotransei tter responses Inr a

standrad membrane environment. In addition, since

oocytes art lcrge () I MM in diameter) cells, one. can

employ techniques, such as double electrode voltaqe

clamp and Intracellular injections, that are impossible
In the source tissues.

In Xenopus oacytes, elevation cf internal CL. c&uses an

increase in Cl conductance. U& further :haracterIxod
this copductance kising the Ionophore A23187. At 0.25-1
mMH CA evoked an inward current that rer.ched a platmau
in about la s., and declined gradu',lly within many

rninutes In the presence o4 Ca, but within seconds upon

washout of Ca. At higher concentrationis, CA caused a

two component Cl current response. with the appearance
of a fast component. The fast component Was more
sensitiue to 1-4 rPH Y-antracene carboxylic at.id (V9 AC)
blocker. Exposure of the cell to low (0.1-0.2 nMH) Ca
ioncentration for several minutes greatly diminished
the ampl itude of Cl current evoked by a itubsequent
application of a higher dose o.f Ca. suggepsting that the
inactivation of the Cl cuirrent was Ca-dependent.
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Shallow, submembranl injections of IP3 in the animal
hemisphere of the oocyte evoked a two-component
response comprised 04 a rapid transient component
followed by a slow sustained component. When the
injection pipette was further inserted Into the cell
(to 300 um below the cell membrane), the fast component
c•lminished &nd the £101 component remained unchanged or
even increased. Similar two-component response was
obtained by the injection of a single large dose (20-50
pinch o4 C&Ca 2 o

Car-diac voltage dependent Ca channels (VOCC) appeared
in the oocyte 4ollowirg injection of mRlA obtained from
the rat heart. Thus, the oocyte may serve as a useful
model 4or the study of Ca channel formation and
modulation.
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STRUCTURAL STUDIES AIMED AT UIDERSTANDING THE FOCTION OF
THE ArETYLCHOLINE RECEPTOR

J.P. Earnest, H.J. Shuster, M.P. McCarthy and R.M. Stroud
Dept. of Biochemistry, Univ. of San Francisco. San
Francisco. CA 94143-0448

The three-dimensional structure of the acetylcholine
receptor hos been determined for the first time in the
absence of attached cytoskeletal components. ThiLa pemits
a difference map which identifies loci of attachment of
43 kD cytoskeletrl proteins. The distribution of
molecular mass shows that there Is little of the pr'm.iB
which is ordered on the cytoplesmic side of the plasm
membrane.

The topology of chains within subunits has been
sapped by antibody binding to native tissue. Antibody
oxperimenta on subcellular fractions which utilize
detergent or small amphiphilus are prone to serious error
since these treatments can undo regions of protein on one
side of the membrane selectively and to may give
incorrect assigruT-nts of location. Results of proteolytic
cleavage lead to assigtoents of other regions as they
mmerge from the plasma membrane and thus define important
aspects of the folding of this molecule.

The status of asmphipathic helices and their
contribution to channel formation is discussed alongaids
experiments with a bactorial channel-forming protein
whoso structure is being worked out by x-ray
crystallography. The direct answer to structure of the
ACh receptor will come from x-ray studies of three-
dimensional crystals. Progress in understanding the
x-ray diffraction from crystals grown in our laboratory
is discussed. Effects of lividx: datei -4t•Zt, rdth..
ratios upon tryte itation scar cr1ti.ial cr thc
subsequent crystallization of affinity-purified protein.
Effects of cholesterol and local aneesthetic. on receptor
conformation and stability are discussed since they bear
directly on issues concerned with functional
reconsrituicon of ACh receptor.

The origin of g&ring in the ACIh receptor is
discussed in light of studies using terbium/calclun
exchange. Evidence towards an electrostatic gate it
presented.
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Antibodies as Probes of the Structure and Function of the Nicotinic Acetylcholint Receptor

A. Maelicke, G. I-els, R. Plttmer-Wilh and M. Sehreiber
Max-Pianck-institut fir Ernibrungsphysiolopie, Rheinlanddamm 201, D-4600 Dortmund,
FRG

1. Antibodies %ere raised against eight synthetic peptides matching in sequeuce preselected

btretches of the aminoacid sequence of the nicotinic acetylcholine keceptor (nAChR) from

Torpedo marmorata. To avoid ambiguity as to the exact sequence location of the antibody

epitopes, synthetic pep.ides of on!y 5-7 aminoacids in length were employed. The results of

epitope mapping support a model with three transmembrane domins, one membrane

associated a-helical domain and extensive 8-struct,,re at the extracelluls: and cytoplaimatic

surficei of the iceptor molecule.

I. Monoclonal antibodies raised against the native receptor protein were employed to study

ae functional organization of Torpedo nAChR. We repoit on antibodies (i) competiag with

selected groups of cbr-linergic !igands for binding to the mAChR, (ii) acting as alloatelic

ligands, (iii) blocking the agonist-induced cation flux into Torpedo membrane veiielet, (iv)

blocking alonist-induced single channel activity in embryonic muscle cells, and (v)

nesferina with deuc itiatinn of the nACrh.intevral ;on channel.
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THE HELIX-II MODEL OF THE ION CHANNEL OF THE NICOTINIC
ACETYLCHOLINE RECEPTOR

Ferdinand Hucho

Fachbereich Chemie, Institut fUr Biochenie, Fieie Universitat Berlin

A model of the ion channel of the nicotinic acetylchollne receptor

is proposed, picturing the channel as being forsmed by the transmembrane

Helix M2. The folloing features of the channel will be discussed:

Ch.mnnel entrance (extracellular) 30 Angstrom diameter: constant diameter

down to level of lipid membrane; funnel-shaped transmembrane portion

lined by Helix M2; binding site of channel blockers (ser 262 in delta

chain) close to intracellular exit of channel, There too the narrowest

part and the selectivity filter having a diameter of 6.4 Angstrom.

Upper part of channel hydr phobic, selectivity filter polar. Chbrnel

filled with water. Experimeiital support for this model from this and

other laboracories will be discussed.

73



CORRELATING STRUCTURE WITH FUNCTION OF TiHE
CHOLINERGIC BIND)ING SITE

Jonathan M. Gershani, Ami Aronbeim, Yoav Eshel, Yoav Evron,
Rachel Moselcovitz and Bell& Ohana

Department of Biophysics, Welimsrin Institute of Science
Rehovot, Israel

The nicotinic acetylcholine receptor (AChR) bas been stubjected to
extensive experimental scrutiny and Indeed much has been learned about
this multimeric protein complex. However, In spite of the Impressive
amount of data that has accumulated we still can not explain the
mecbanlisms responsible for Its actior. One approach which has been
adopted Irk our laboratory bas been to focus on a single, well defined
functional domain of the receptor and syztematically analyse it with the
Intent Wo correlate Ita structure with Its function. 'bhus, over the past few
years, we have been studying the cholinergic bludha& site.

Karlin and his co-workers demonstrated that the ligand bIndIng-slte
Is situated 1Dm awuy from a sensitive disulfide. As a result and with the
appearance of the complete amino acid sequence of the a-subunlt, models
quickly appeared placing the binding-ite In the vicinity of cysteine
residues pbaiujultrultob 'ExiacF!Iunr. h.%lna~bx .. Iwe
the mapping of the binding-site to the area of cys-192/cys-193. This has
been accomplished by the protein blot analysis of proteolysed or-subunitu
probed with sequence spec~fic antibodies. Furthermore, cyis-l92 was found
by Karlin to be that uhich is affinity alkylated and is apparently disulfide
linked to cys-1g3.

As much attention has been placed on the cysteine residues related
to ligand binding, it was of interest to establish the disulflide arrangement
of the a-subunit. For this native receptors have been selectively alkylated
with 3- (N- mate! nido-propionyl)biocytin a CEB). The *-subunits of the
various biontinylated receptors were Isolated, digested with VS-protease and
blotted. The blots were probed with 12-51-Iabeled-svidin reveal1ing those
fragments which contain modified cysteines. It was found that three
disuilfides exist: cy-s-129 to cys-142; cys-192 to cys~-193; cys-412 to eys-4i8,
and that eys-222 is unpaired.
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In order to investigate the specific contributions of the various
residues which lie in the region of the binding-site, genetically engineered
binding-sites have been produced that continue to bind cholinergic ligands.
Synthetic oligonucleotides corresponding to the amino acid sequence
a-184-200 of T. (alifornica AChR have been cloned using the bacterial
expression vector pATH2. Such transformed cells can be Induced for the
selective expression of the irpE fusion-protein which contains the AChR
sequence at its COOH-terminus. These fuslon-proteins cma be highly
enriched and have been analysed for their capacity to bind chollnergic
ligands. Thus a-184-200 blnda a-burgarotoxin with in afflnlnty of
10-7 M. Tubocurarine competes this binding with an IC50 of 1(r4 M and
carbamylcholine competes with an IC50 of id- 2 M. The bacterlilly
expressed binding sites are being subjected to mutageneals so to evaluate
the involvement of individual residues In the binding procres.

In addition, we have engaged In %a survey of naturally occucing
variants of the ligand binding-slte. Two biological systems are being
analysed. Genomic libraries have been prepared for the snake, cobra and
the moth Spodopieta Milforalis and are currently being screened for
a. subunit homologues.

75-



STUDIES OF THE BINDING Ol AGONISTS TO THE ACETYLCHOLINL RECEPTOR

G. Navon , T. Yarmane 2 and L.W. Jelinski 2

1School of Chemistry. Tel-Aviv University, 69 978 Tel-Aviv, Israel

kT & T Bell Laboratories, Murray Hill, N.J. 07974. USA.

The nicotinic acetylcholirn receptor (AChR) is a membrane protein

t.at changes the permeability of the postsynaptic membrane to scdium

ions, following binding of the eurotranamitter acetylcholine. Direct

11R sttidy of the AChR is made difficult by its high molecular weight

and the requirement of detergents Tor its solubilization. We have shown

that the binding of agonists to the AChR may be studied by two-dimensio-

nal nuclear Overhauser effect (2-D HOE) and measurement of selective T1

(Tiel) of the agonist protons.

It was pointed out a few years ago that T el is very sensitive toI

the binding of ligands to large macromolecules"). Indeed, significant

shorteninq of the TC of acetylcholine, carbamylcholine and nicotine

As found in the presence of solubilized AChR from the Torpedo Califor-

nica electric tissue. The effect As abolished by the addition of a-

hungarotoxin which binds very tightly to the receptor. Tel can also be

used for the determination of binding constants of ligands(2). Since

binding constants of agonists oa the AChR are very large, only relative

binding constants could be obtained, by codpetitior experiments. Thus,

by following T1 el of the nicotine aromatic protons as a function of the

concentrationý of other egonists, relative binding constants of

1 : 7 : 0.2 : 0.04 were found for nicotine, acetylcholine, carbamylcho-

line and mustarine. respectively-

2-D NOE experiments on nicotine in the presence of AChR yielded
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negative cross-peaks corresponding to NOE's between the various protons

of the bound agonist as well as NOE's due to transfer of magnetization

from the receptor to the agonist. A combination of che NOE and TIel data

allows us to calculate the distancesC3 ) between the protons of the ago-

nist in the bound state, from which the conformation of the bound ago-

nist may be derived. Those groups on the AChR which are in close contact

with the agonist are being identified on the basis of transferred NOE

from the AChR to the agonist p.otons.

(1) G. Valensin. T. Kushnir and G. Navon, J.Hag.Reson. 46. 23 (1982).

(2) T. Kushnir and G. Navon, Bull.Pagn.Reson. 6, 50 (1984).

(3) D. Kaflan and G. Navon, J.Chem.Soco Perkin Trans.II 10, 1374 (1981).
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EXPRESSION OF FUNCTIONAL NEURONAL NICOTI7 C ACETYI-CHOLIME RECEPTORS
FROM CLONED cDNA SEQUEN -S

Jim Patrick. Jim Boulter. Evan Denaris, Johr! Connolly,
Keiji Wads, Dan Goldman, and Steve Heinemann

Salk Institute
San Diego, California

A family -f genes coding for proteins homologous to the muscle nicotinic acetylcholine
teceptor a-sL ounit has been identified in the rat genome. Three members of this family,
alpha2, alpha3. and alpha4 genes are runscribed in the central and peripheral nervous
systems in areas known to contain functional nicotinic receptors. We have identified an
additional gene, beta2, which encodes a protein homologous to the a-subunits but which
lacks the cystcine residues thought to be close to the ligand binding Aite. The beta2 gept
encodes a protein which, in combinaiion with either the alpha2, alpha3, or alpha4 proteins
will form lunctionai nicotinic acetylcholine receptors in Xenopus oocytes. Oocytes
expressing either alpha2, alpha3, or alpha4 protein in combination with the beta2 protein
produced a strong response to acetytcholine. Oocytes expressing only the alpha4 protein
gave a weak response to acetyleholine. These receptors are activated by both acetylcholine
and nicotine. They are not blocked by alpha-bungarotoxin, which blocks the muscle nicotinic
acetylcholine receptor. ThuB, the receptors formed by the alpha2, alpha3, alpha4, and beta2
subunits are pharmacologically similar to the ganglionic type neuronal nicotinic

S....•.yt,- c.el. .... cpto;. ti.r' . -itji, i itc aipha2, aipha3, aiDha4 and hetA. U
genes code for Junctional nicotinic acetylcholine receptor subunits which are expressed in the
brain and periphe a] nervous systems.
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SINGLE-CHANNEL AND LIGHT-FLASH MEASUREMNTS ON MOUSE-TORPEDO
ACETYLCHOLINE RECEPTOR HYBRIDS EXPRESSED IN ZENOPUS 0OCyTIE.
Lae T,, Reid J. Leenard, Cesar Labarc. It= A. Les .
Division of Biology, Ccltach, Pasadona CA 91125, USA

Thiz work extends previous studies on equilibrium
properties of recevtors expressed in oocytes by injection of
SP6 RNA. Us have examined voltage sensitivity at the level
of single-channeal recording with sewrel hybrid receptors:

OTOT"I
T

ST. In outside-out patches, all combinations showd a
linear single-channel current-volteage relationship: but open
duration depended on voltage. Av¢vage chAnnel duration, r,
was measured at -60 mV and 460 mV. The extent of the voltage
dependence of each combination was estimated by the ratio of
r.-60LV/'t'S0V, and the results were in agreement with our
previous conclusions from the eacroscopic measurements-
Closed times had less than 1/5 the voltage sensitivity of the
open times. Thus, of the three possible parameters
underlying voltage sensitivity (channel conductance, opening
race, and closing rate), the latter makes the ma-jor
contribution to the voltage sensitivity of the macroscopic
ACh- induced conductance.

In an attempt to identify portions of the subunits'
structure that may be involved in formation of the ion
chantkel of the ACha, we are &lso comparing the effects of
local anesthetics on the response of hybrid AChRs. The data
show that some hybrids differing in amean open time in the
absence o£ loual CnesLhLAh c wahibiL very s311116 oVPe L1S00
in the presence of the blocker QX-222. thus indicating that
the forward blocking rate is only weakly influenced by
subunit composition. The flash-activated channel blocker,
EW-I, is also being used with macroscopic egonist-induced
currents to provide efficient screening of the
blocking/unblocking kinetics. Results show that the t
subunit strongly influences the pharmacological properties of
the cis &nd trnss isomers. The cia isooer ts a porcnt
cha•nel blocker in all-maute receptors and in several other
hybrids: for these receptors, effects of EW-1 resemble those
previously reported for Electrophorus electroplaques.
However, the trans Isomer is Also a potent blocker in those
hybrids containing the Torpedo 0 subunit. Sponsored by NS-
11756 and MDA (fellowrship to R.J.L. and grant).
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ION CONDUCTANCE OF GENETICALLY MODIWIED ACETYLCHULINE RECEPTOR tHANNFI.s

L. Methtessel: Max Planck Institut tUr OiophysikaliSche Chemie,, Gottingen

Functional nicotinic kcetylcholino Receptor (AChE) channels are
synthesized and inserted into the plasma menbrane of Xenopus
oocytes following th microin action of FiRNA extracted from
tissues that express the AChR protein. Injection of specific
mRNAA, obtained by in vitro transcription from cloned cDNAs that
encode the AChR subunits, leads to a high channel density in the
oocyte membrane so that single AChi. channels can easily be
investigated with the patch clamp technique. Their conductance and
gating behavior closely agree with those of native ACnR channels
studied in the neuromuscular endpl te or in cultured muscle cello.

Tha AChR proteins are oligomers composed of four different peptide
subunits. Therefore, the four ccrresponding mRNAs must be injected
simultaneously into oocytes to obtain proper AChR channelý.
Howover, by deleting subunits or by exchanging subunits from t!,e
AChRs of different species, modified AChk channels may be
synthesized whose properties illuminate the rcle played by
different subunits in receptor and channel function.

With modern methods of genctic technology, the cDNA codinq for au
AChR subinit can be modified directly and specifically, and then
trnzcribed! in V o t Obtal mRNA encodind a mutated AChR
subunit. This, when injected into Xenopus oocytes together with
the other required subunits, can direct the synthesis of novel
mutant AChR channels with known primary structure, whose function
can then be studied in detail with patch recording. Fvr example,
the delta subunits of bovine and Torpedo AChR diffei in their
primary sequence and in several of the properties that they confer
to the complete reaeptor channel complex. By producing chimaeric
delta vubunits and incorporating them into AChit channels in
oocytes, some of the lunct5.o il differences between the two
parental subunits could be assi.aed to specific locations on the
primp y sequence. Thus, the H2 segment of the channel has been
asso atad with the control ol ion permeation. Similarly, the
effect on channel function of a single specific point mutation at
practically any dtaired poestion along the primary sequencc can be
studied.

The permeation of ions through the open AChR channel has been
studied for a number of native, chimasric and modified AChR types.
Tne conductance, the i-V relationship and the effects uf divalent
ions are affected by &*m* cf the differences in primary structuze
between the various kinds of AChR. Therefore, such experiments can
i3luminate the relation between channel structure and function.

However, since there is no definitive three-dimansionul structure
available for the AChR as yet, it is nccessary to devise models of
ion permeation that cAn assist in the interpretation of these
xesulta. Numaro-i suck models of various comple~tty can be found
in the 'itexature.

present address: Boyer AG, ZF-IP[, D-50ugO Leverkusen. FtG
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It "as found that a quite simple udel, consisting of a two-
barrier single-well Eyring rate-limited pore together with the
Crahameo-McLaughlin description of the effects of surface charge,
is quita satisfactory to represent the permeation of ions through
hChR channels. An important feature of the model in that the
cenxral energy well within the channel is not necessarily a
binding site. Instead, the saturation ot channel conductance
arises irom the accumulation of larmeent ions by surface charges
near the channel pore. The shielding of surface charges also
predicts the observed effects of divalent ions on channel
condvctance. The numbers of charged amino acid ramiduas near the
M2 segments of %arious AChR subunits are found to correlate with
the observed conc'uctance behavior as suggested by the model.

01-



RECEPTORS FOR ACETYLCHOLINE IM THE NERVOUS SYSTEM OF INSECTS

H. 8teer and W. Hanke

Fachbereich Biologie/Chemie, Universitit Osnabrbck
Federal Republic of Germany

The central nervous system of arthopods is highly cholinergic in-
nervated; thus insect ganglia appear most appropriate for studying
neuronal acetylcholine receptors (AChR). Using specific ligands,
high concentrations of cholinergic binding sites have beon detec-
ted; in contrast to the vertebrate brain, the nicotinic receptor
type predominates in insects, whereas only a small portion dis-
played muscarinic properties. Subtypes of muscarinic receptors
could be distinguished; the M2 type appears to be located at nerve
terminal% and to be involved Tn the feedback regulation of acetvl-
choline release.
Attempts were made to ideatify the nicotinic acetylcholine recep-
tor from locust nervous tissue. A large complex receptor protein
has been purified which appeared to be composed of 4-5 identical
or very similar polypeptides. When reconstituted in planar lipid
bilayers, the native protein gave a functioval ion translocating
system. Ago'ists such as acetylcholine, carbamylcholine and sube-
rylidichoiine induced fluctuations of singie channel, whilrh were
blocked by d-tubocurarlne, suggesting that the protein represents
a functional cholinergic receptor channel. The channel was selec-
tively permeable for monovalent cations but was impermeable for
anions. The conductance of the channel (75 pS in 10G mM NaCl) was
independent from the type of agonist used. Kinetic analysis of the
channel gating revealed that at high agonist concentration multi-
ple gating events and bursting appeared. Approaches to determine
the cooperativity of cnannel activation showed that the nicotinic
acetylcholine receptor from nerve cells of insects is apparently
activated by only one agonist molecule. Immunological approaches
revealed that t;e receptors are localized in the neuropile and
that there are obviously significant molecular similarities bet-
ween the constituents of the neuronal insect receptor and the pe-
ripheral heterooligomeric vertebrate receptor. This was confirmed
when the N-terminal amino acid sequence of an insect receptor po-
lypeptide fragment was determined. As a first step towards an ap-
plication of recombinant DNA techniques, RNA preparations from lo-
cust nervous tissue were probed for receptor specific mRNA using
reticulocytes and Xenopus oocytes as expression systems. Wocytes
microinjected with insect polyA+-RNA produced neuronel AChR pcly-
peptides, which were inserted into the ooc te surface membrane and
displayed specific binding of A toxins. Ion flux studies have pro-
vided evidences that the binding sites represent indeed ACh-gated
ion channels, .unctional AChRs.



The membrane environment of the nicotnlnc acetylcholine receptor
F. J. Barrantes. Inatituto do Bioquimlca, Univ. Mac. Sud/CONICKT,
8000 Bahia Blanca, Argentina.

Dettiled knowledge of the membrane fraemewok surrounding the
nicotinic acetylcl.olina receptor (AChR) is )ey to understanding
Its structure, dynamics and ?unction. Theoretical models based on
the application of thermodynamic criteria to the known primary
sequence of the AChR polypeptide chains &e*ign portions of those
to the bilayer region. The naturq' of the protein-lipid
interactions occurring in the bilayer Is not known, nor is the
structural relationship between the two moieties.
The composition of the lipide in which the transuembrane AChR
chains are inserted has been characterized in three Torpedinidae
species. The marked unsaturetlon of the major phospholipids found
may explain some of the physical properties of the bulk lipid in
AChR-rich membranes: more than 50% of the fatty acids are long
chain polyunsaturates. Docosahexanoate m*kes up more than 70% of
the latter in T. marnorata. Phospholipid classes and fatty acyl
chains bear considerable resemblance among species, perhaps
providing this evolutionarily conserved protein with a similarly
constant milieu for Its optimal functioning.
Changes in physical properties of the AChR membrane are known to
folloic on from extraction of non-receptor, peripheral proteins.
These changes may bear relationship to the recently found
selective depletion of certain phospholipid classes which
accompanies peripherel protein extraction.
Mct•5clIC ý.t"ies conducted both in vivo and In vitro using
radiolabelled pracu'aora 1rm lictt thAo prouenre oi si.-tivv poola
among membrane phospholipids, paxticulmrly In the minority
polyphosphoinoiltides.
Studiea aimed at defining the topography of lipide in the
membrane show the asymmetrical distribution of phospholipid
clanses between the two hal.f-layers. Although we still Ignore
which 2ipids are In the immediate microonvironment of the AChR,
5SR studies reveal the presence of an annulus of relatively
Immobilized lipid, consisting of about '0 phospholipid molecules
per AChR monomer, in active exchange with the bulk bilayer llpid.
Lateral diffusion of lipid In the plane of the membrane appear*
to be a tree process as measured by fluorescence anisotropy
decay.
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BIOPHYSICAL STUtDIE OF ACETYLCIOLINE RECEPTOR Ih RECONSTiTUT.E
MLIBRAIES: ROLE OF LIPIDS IN RFGLrLATING PJNaION

Mark G. McNamee, Department of Biochemistry and Biophysics,
University J California. Davis, CA 95616.

Nicotinic acetylcholire receptor (AChE) from the electric tissue
)f the electric ray Torpedo californica has beer' purified by
.ffinity chromatography in cholate solution and reincorporated
into membranes of defined lipid composition by dialysis. The
interactions of the AChR with lipids have been examinad by several
different biophysical techniques including fluorescence quenching.
EPR-spin labelling, znd FT1R spectroscopy. Important lipid-
protein interactions detp.:ed by the biophysical studies have been
currelpted with the functional effects of the lipids on both the
ligsnd binding and ion perneability control properties of the
AChR.

Using a variety of different liptd mixtures, it was determined
thst the low-to-hlgh binding affinity transition for activating
ligands requirsu an optimal membrane fluidity, as measured by the
order parawnter of a fatty acid spin label incorporated into
reconstituted menbranes. Membranes thit had either too high or
too low a value for the order persi ter were unable to undergo the
tr-nsitions induced by carbazylcholine even though they could bind
alpha-bungarotoxin. The effects were reversible as judged by
temperatre dependeuie and re-reconstitution into the proper lipid
environraent. Recept-c-rrediated ion permeabllity also requited at
optimal fluidity since the affinity transition appears to be a
necessary, buz not sufficient, condition for functional receptors.
".owever, the ion permeability properties also showed a requirement
for specific lipids under the reconstitution conditions used.
Only thse lipid miitures contaiaing cholmsterol and negatively-
c0arged lipids were active in ion flux assays.

in parallel studies, the effects of differert lipid mixtures on
the oyerell coifcrmation of tne AMhR were analyzed by f'TIR
spectroscopy. C•Loleste~ol appeared c: increase the average asp'a
helix cortnnt of the AChR as monito-ed by an increased intensity
at 931 cib-i and negatively charged liplds eppeared to increase the
beta she-t content as moni' ired Uy increased spectral intensity st
988 cm-]. The combined increases in both para.ieters correlate
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uell xith the lipid requirements for functional ion channels. The
results suggest that cholesterol, or related analogs, may
stabilize alpha helical itructures assodiated with the ion
channel.

A special role for cholesterol in AChR struct.re and function has
also I'sen revealed by fluorescence quenching studies using
brominated analogs of phosphetidylcholsne and cholesterol. The
brominated analogs partially quench the intrinsic fluorescenuc of
the AChR b) a static mechanism. Competition betwen brominated and
aon-hrominateo lipids provides quantitative data that can be und
to calculate relative binding constants for different lipids to
the membrane-surface areas of the receptor. In the case of
cholesterol, additional binding sites on the protein that cannot
be displaced by phospholipids are detected. These sites mwy
represent regions of the protein that hate a relatively high
affinity iot cholesterol. Experiments are in progress to
determine if the extra cholesterol binding sitea are related to
the role of cholesterol in stabilizing alpha helical structures
and in providing an appropriate lipid envirornent for ion channel
activity ia xeconstituted membranes.
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NEW APPROACHES TO STUDIES OF KEURONAL RECEPTORS

George P. Reos

270 Clark Hall
Cornell University
Ithaca, NY 14853

U.S.A.

During the past years. 40 chemical signa•s (tseurotransmitters) and
variety of different receptor proteins responaible for the

traismission of signals between nerve cells and between nerve and muscle
cells have been identified in electrophysiolo2ical experiments.
Tnvestigations of the relationship between the signal transmission
proctes and the fuaction and structure of the receptors have been
hampered by the time resolution of the available chemical kinetic
techniques, and by the availability of receptor proteins in sufficiant
quantities for the structure to be determined. Three different
approaches adopted in this laboratory to overco.e the probieu will be
discussed.
(a) Two kinetic techniques have been devrloped that allow one to measure
the ligand-binding steps, channel-opening eteps, and receptor
desensitizotion (inactivation%) over a wide concentration range of
neurotranseitter and inhibitors, directly on a cell sur:face; (i) a cell
flow method vith a 5 ms time rtsolution, and (Ii) eynthesis of inactl'
neurorrar-saittur precursors, which can be equilibrated with receptors on
cnil surfaces ard than photolyred to ths actJve neurotraneaitter with t
of 50 ;As.

(b) Yeast can be grown In large quantities. Ve have shown that it Is
capable of synthesizing the scetylcholine receptor subunita and
inserting the* into its plasma umabrane, and ve are stuying the
atruc.Lurd4 aug 4 prpt~a...... ;; h Plp..d he .n
expectetions are that large enough quancities of a variety of receptor
proteins can be produ.ed and asoembled by yeast for their structure and
funztion to be studied.

(This Work was supporteJ b> grante frim the National Institutes of
Health, the National Science Foundation, end the Cornell Biotechnology
Program, which is supported by the Kew York State Science and Technology
Foundation and a consortium of industries.)
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flM BO3DING Sf¶ AND PHb DYLATION SI¶S OF MhE NIO1DTIC ACrETAO4J..X

S Ra hda, Mrorit NBLVOM ud ?nat Safran

D~epartmet of Mowidc~a3 Jzuz'alogy, 7h Wei2zman Iraatiztst of Sciaeoe, rdho-

vot. Israel.

T1he nicotinic aostychuline recqpbor (Mw) in a nauxtr.-votba-regulated
ioni charn~el ,hich vuediatin syjnaptic tb-waidesicri at tt poat-ernupic ~mew-
brane of the neuran~xoular junticn. 7be paifi ed AOR is a 250 kMa tran-
srer~bra'ie glyoopnotein and conist of four inMb~units with a atoichiaimtr of

= l.Synthetic peaitide (orresp ding to inS4UUxxG frCM the A~h and
respective antib-diev, are b~a ing ul1yed for mea~ing wd awb~lyaln

the cho1finergic bhinding site and por J=cyaticn sites of the rboepbt. kle
have previou~sly WaNýa' that a vyjthtic dodeapeptilie corresponidng to resi-
dues 185-196 of Tupd AM~R %-vmjbxadt, conains the essential eleeiwit. for
ut-bw-igatotbin (r--=2) birding. By quantitative arelysis vi the cholirtagic
binding piroperties of this peptide we hae" dmmrastrated that this dodecapep-
tide also include the nsnu~motamiLtt binding sibe. SynUittIec paptides
corr-esponding to x,!3~m 185-196 of huank and ==q AhR at-sbxmdts amu
also being analysed. Thise abadisse al=V with specific etmeeka mo~dif Los-
tia-s point at the Iimqxuraw of the cyatzaim& ad trypbop)is residues for
the bindingj. We are now attmmptixg bo elucidate the structure of th ink
ACi* birding site, 4dichi erd Ike other misce 3iAý, dome not bind *L-DT but
uoes respond to cholinrgi ligard. OICfa~latimw of AOhR, and i6n par-
ticuilar of its 6-o.jbkrit by cAiiP depsidmit protaiui kinesi (YM), CalciW~
phophoiiC~pid dependet protein kidma (PW~) anc tyrcsine-spscific prvoein

xxim -Aw..... 14- h"4. -kBw hats M n-ACcut~l

sites in itia a-vibunit aiO o~mKs~txzt@O Utai tkA e jCt t j4_ ft_
both erzyires resitde in very close prcuxioity, within three cueojmtiva earira
resl&%e at positicne 360, 361 a&d 362.
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REG•JATIOH OF THE NICUTINIC ACFTYLCHOLINE RECEPTOR BY ROTEIN
PHOSPHORYLATION, Richard L. Muganir, The Laboratory ol Kolecular and
Cellular Neuroscience, The Rockefeller University Kew York. New York
10021

The nicotinic acetylcholine receptor is a neurqtransmitter-
dependent ion channel that mediates the depolarization of the
poatsynaptic membrane in response to acetylcholine at nicotinic
cholinergic synapses. Th, nicotinic receptor is a K r-255.000
pwntameric complex which consists of four types of eubunits a (H
40,000), # (Kr 50.000), 1 (K 60.000) and 5 (M 65,000) in the
stoichiometry of a #IS We Gave demonstrated fhat isolated
poatsynaptic membrines enriched in the nicotinic receptor contain at
least four different protein kinases, cAMP-depend•1•t protein kinass,
calcium/calmodulln-dependent protein kinase, protein kinase C and a
tyrosine-cpecific protein kinase. Three of these endogsnous protein
kinases phosphorylate the nicotinic acetylcholine in the isolated
postsynaptic membranes, cAKP-dependent protein kinase rapidly and
stoichiometrically phosphorylates ecrine residues on the 7 and 6
subunits of the receptor. Protein kinase C rapidly and
stoichiomaerically phospherylates Perine residues on the 6 suburit
snd also causes a slover but significant phosphorylation on rerin.
residues on the a subunit. The endoganous cyrosina kinasas which are
imwmlogirally related to pp6OCA c rapidly and stoichiometrically
phosphorylate the 0, -1 and 8 subunita. All of the phosphorylation
aites are unique and thus three different protein kinases
phosphorylat3 the acetylcholine receptor on seven different sites.

The phouphorylation sites on the -y and 8 subunits for cAMP-
dependent protein kinase have recently been identified by protein
sequencing techniques. The cAIP-dependent protein kinase
phoephoirlatee msrine 353 on the y s-ibunit and serine 3bl or, the 6
subunit. The locations of the other phosphorylation sites have been
proposed to be adjacent to the cAM7-dependent phosphorylation sites"
and are located on a common reaien of each of the subunits with tha

phopbvfaiic Linit he ~ ~ .e..* .

acids of each ..her. This suggests that phosphorylation of the
receptor by all three kinases regulates a common property of the
receptor. The phosphorylation sites are located on the major

intracellular loop ir. theoretical models of receptor structure.
Recently we have directly examined the functional effects of

phosphorylation of the nicotinic acetylcholine. The ion transport
properties of the purified and reconstituted acetylcholine receptor
were investigated before and after phosphorylation by cAMP-dependent
protein kinao. It was found that phosphorylati( of the ,aicotinic
acecylcholine receptor on the 7 and 6 suht •its bj cAMP-dependent
protein kinase dramatically increased the Late of the rapid
desensitization of the receptor, ths process by vi ch the receptor is
inactivated in the presence of scetylcholine
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Moreover, recent studies have sown that thi nlco-inic
acetylcholine receptor is phosphorylated '.z intact muscle cells by
cAMP-dependent protein kinass and that this phosphoryltlon regulates
the rate of desensitization of the muscle receptor. Primary muscle
cells were prelabelled with radioactive ino:ýanic phosphate and then
the celi4 were stimuleted with various agrntb th-t regulate the
intracellular levels of cAMP. Under busal con4itions, the receptor
was phosphorylated on the P and 6 aubunits. Addition of forskolin. a
potent activator of adenylate cyclase. or coil? analogues dramaticAlly
stimulated the phosphorylation of the 6 subunit of the receptor.
Exposure of rat primary muscle cells to forsaolin and cAMP analogues
under identical conditions increases the rate of desensitization nf
the receptor. The i,,cresse in the rate of desaneltizatior. after
forskelin rzeatsrent shows a -,ery similar dose response curve end time
cou-se as the inchease in the phosphorylanirn of the 6 %ibui:it of the
receptor.

These in yLyn results together with the i z.ina results .covide
strong evidence that phoaphorylation of the nicotinic receptor by
cAMP-depu~d~iit 1hinare rpegulaL*S Its rate of disen•itlzatf.on. In
contrast, the role of phosphorylation of the recepto. by proccin

Icinass C and the tyrosih.e specific protein kiname is not cleat. It
has recently been e.eorted that &ctivators of ,,ioteit -- uiase C (i.e.
phorbon esters) increase the rate of desen&.titation of the nicotinic
ecetyleholina receptor In cultured m)otubeas. This suggasta that
protein kinasg C phosphcrylation of the receptor also regulates the
desensitization of Che receptor. This is not surprising In light of
the proposal that th2 phosphorylition sites on the 8 subunit for
ckhP-dependsnt rrotrin kinasa and protein kinase C are located within
twenty amino acids of each other. Moreover, mince tyrosine
phosphoryletion occurs directly ire between these sites on the 6
zubunct ±t is lkely that desenvitization i tvie recoetor is also
regulated by tyr-sine phosphorylation.

The neurotransmitt,-rs or hormones that regulate the activity of
Chess protein kinases and the phoaphorylation of the nicotinic
acetylcholine receptor have not been identiZied. However, recent
evidence has shown that the neuropeptide calcitonin gene-related
peptide (1CGFLP) is present in the presynaptic te.tinals at the
nevromuscular Junction and increases intracellular levels of cAM? in
chick myotubes. In addition, ':GU increases the phosphorylaticn of
the nrcotinic acetylcholint. in primary ;at myotubes. CGRP is
therefor# a likely candidate for a physiological regulator of
nicotinic receptor 1-iphorylatior and desenitization.

In conclusion, the nicotinic acetylcholine receptor has provided
an excellent modal system .o study receptor-receptor interaccions.
1r is likely that there ere three neurotransmittsrs or hormones which
act Gn three receptor; to regulate the sensitivity of a fourth
receptar, namely Zte nicotinlC receptor, t1 ough three di:tinct
protein dinase systems.
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A STRUCTURAL AND DYTWIIC MODEL FOR THE NICOTINIC

ACETYLCHOL) .4E RECEPTOR

Edward M.Kosower

B;ophysical Organic Chemistry Unik,
School of Chemistry, SacKler Faculty of Exact Sciences,
Tei-Av:v University, Ramat-Aviv, Tel-AvIv 69970 ISRAEL

and Department of Chemistry, State University of New York,
Stony Brook, New York 11794-3400 USA

Folding of the five polypeptide subunits(asPYt) of the nico-
finic acetylchol Ins receptor (nAChR) Into a functional structural

mnodel is described. The principles used to arrange he sequences
into a structure Includes (1) Hydropht ,lcity 4 membrane crossing
segments (2) amphipathic character 4 ilon-carrying segments (ion
channel with single group rotations) (3) molecular shape (*long-
ated, pentagonal cylinder) 4 folding dimensions of exobilayer
portion (4) choice of acetylcholine binding sites 4 specific
folding of exobilayer segment* (5) location of reducible disul-
fides (near agonist binding site) 4 additional *pecification of
exobilayer arrangement (6) genetic homology 4 conslstency of
functional group choices (7) Poncompetltive antagonist labeling 4
arrangement of bilayer helices. The AChR model is divided into 3
parts (a) exobiliyerall antiparallel P-strands from each subunit
(b) bilayer:4 hydrophobic and I amphiphilic &-helices from each
subunit and (0) cytoplasmic: one (folded) loop from each subunit.

The eoobilayer strands can form a closed *flower"(the *rest-
ing statet) which is opened ('activated') by agonists bound per-
pendicular to the strands. Rearranoement of the aconists to a
strind-pArall posit- -.and partial closing of t1.* 'fowerý

leads to a desensitize-# receptor. The actions of acetylcholine
and succinoyl and suberoyl b;s-cholinev are clarified by the
model. The opening and closing of the exobilayer fljower* con-
trols access to the ion channel which is composed of the 5 amphi-
philic oilayer helices. A molecular mechanism for ion flow in the
chirrnel Is given. Openings interrupted bv short duration closings
(50sec) depend upon channel group motions. The unusual photola-
baling of intrabilayer serinas in a, P and S, but not in Y-
subunits near the binding site for non-competitive antagonists
(NCA&s) Is explained along with a mechanism for the action of N(_As
such as phencyclidine. The unusual a Y2cys-1l3cys disulfide m y
have a special peptide arrangement, such as a cis-peptide bond -o
a following proline. (O.A.Petsko and E.M.Kosower, unpublished
results) The position of phosphorylatable sites and proline-rich
segments are noted for the cytoplaimic loops.

The dynamic behavior of the AChR channel d many different
experimental results can be interpreted in terms of the model. An

examp!e i% the lowering of ionic con iuctivity on substitution of
bovine ior sg•. 2 M 12 segment. The model represents a usefui
construct for the design of experiments on AChR.
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TRANSITIONS IN MOLECULAR FORS OF A FrLCHOLZNESTrEE

DURING THE DEVELOPMENT OF DROSOPHILA

M Akpagaus (1), D Foaunivt '2), JP Tou.tant (3)

(1)Phytophatmacie INRA, 18000 VeAraiUte,
(2)Cenrtre de Rechezch•. !NRA, 06606 Atibevb CQdex
(3) Phys6ioogie AnimaLe INRA, 34060 MontpLUea- Cgdex

The major molecular form of native acetylcholines
terase (AChE, EC 3117) present in the heads of adult
Drosophila is an amohiphilic dimer. (G2) associated to the
membrane through a glycolipid anchor (references ab,c).
We have investigated the AChE molecular forms present in
late embryos (E), larval stages LI.,L2 and L3, and pupae
(P). Entire antmals were homogenized in a low salt
buffer containing 1% Triton XI00 and a cocktail of anti
proteolytic agents. These extracts were analyzed by ultra
centrifugation in sucrose gradients in the presence of
Titon , X1010, B.j4 96 4r n n the absence of detergent and
by non denaturing electrophoresis.

The AChE activity expressed as nmoles AcSC'h hydro
lyzed/min/g of wet weight showed a transient peak at the
LI stage, reincreased in pupae and was maximal in the
adult.

Figure 1 shows that four molecular forms (at
most) were present at every developmental stage (bands
1, 1', 2 and 3). By extensive correlation between AChE
peaks in sucrose gradients with these bands on non denatu
ring electrophoresis and by analogy with the adult enzyme,
we demonstrated that the four electromorphs corresponded
to an amphiphilic dimer (I), an amphiphilic monomer (1')
and hydrophilic dimer (2) and monomer (3).

Since endogenous proteolytic activity during
metamorphosis of Drosophila is high (see ref. d), we
checked that the molecular forms observed in this study
did not result from the breakdown of the major G2 form
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Figu.e 1:Non denatu.ing etectophouesP• o6 AChE preent
in c.uide ex.t.ac~ta od t.atk embi.yoz (E), La'wat (L), papat
(PM and du6t (Ad) V'ozophi.a. The. get (7.51 acAry&mde)
and the Atuning bujjeA contained 0.5% T/titon X100.
Mig'atioon Jo 3 ifou at 10 V/cm.

during the homogenization step.
Our data support the hypothesis that a native

a,,phiphilic Gi form of AChE occurs during the development
oi Drosophila. The existence of this native form at the
Li and pupal stages (when AChE is actively synthesized)
further suggests that amphiphilic Gi form might represent
the precursor of the amphiphilic G2 form which ia the
mature, membrane-bound form of the enzyme.

Developing Drosophila (parricularly Li and P
stages) therefore constitutes a favourable system for the
study of the biosynthesis of the glycolipid-anchored
molecules of AChE. For example it should be possible to
demonstrate, with this model, whether the amphiphilic
monomer possesses a glycolipidic domain or a hydrophobic
sequence which could be further exchanged (see ref. e).

R~ferences: a)JP Toutant, M Arpagaus, D FournieŽr. J Neure
chem, in press. b) D Fournier, 3 Bergk, C Bordier.J Neuro
chem, in press. c) AL Gnagey, H Forte, TL Rosenherry (87!-
J Biol Chem, In press. d) SA Dewhurst, RE KcCaman.WD
Kaplaa (70) Biochem Gen 4,499-508. e) Cross GAM (L7) Cell
48,179-181.
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POLYr(ORPHISM OF M-YOSIN LIGHT CHAl!IS AND ACETYLCHOLINESTERASE

DURING THE DEVELOPMENT OF NEW-BORN RABBIT FAST A1.D
SLOW DENERVATED MUSCLES

F. BACOU, P. VIGNERON

Station de Physiologie aninale, ].N.R.A.-ENXS.A.fi.

34060 Mcotpellier Cedex, France

The rabbit Semimembranosus proprius (SMp) and Semi membranosus

accessorius (SMa) muscles represent a good model for studying the

transformations of muscle properties during the postnatal

differentiation. in the adult, these muscles are respectively homogeneous

in slow tv.itch (SMp) and fast twitch (SMa) fibersi. However, they are

heterogeneous at birth, and express their adult ch.aracteristics from two

months postnatai uwi-" rds. Orirg this pnriod- we haveud.cd t•e

influence of motor inoervation on the development of their properties,

particularly at the level of acetylcholinesterase (AChE) molecular forms

and myosin slow (LCs) and fast (LCf) light chains.
The postnatal alteration of SMa and SMp muscles is

characterized by the disappearance of the neonatal heterogeneity and the

acquisition of the homogeneous fast or slow fiber type pettern. The

fibers of these muscles denervated at birth are altered differently :

dramatic atrophy of fast twitch fibers whatever muscles' are studied,

preservation of SMp slow twitch fibers chardcteristics and fatty

degeneration of SMa.

At birth, both muscles present a similar pattern of myosin fast

and slow LC. In cnntrol muscles, the alteration of fiber populaticos to

homogeneous types lead to the disappearance of super,•umerary chains from

15 day% onwards. In the slow muscle, neonatal deneeration prevents LCf

disappearance. In the fast muscle, denervatio.- influenres essentially the

installation uf LCf which is delayeri by 15 days.
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At birth, the polymorphism oi AChE is s;oilar in Stip ardJ Slid
muscles. One month after denervatior, the specific activity of AChE is

twice that of control. Its polymorphism is rot much pertirrbed, while in

the adult denervation induces an important increase in AChE sp.?zifi,
activity (xlO) and particularly a great alteration in its polymorphism

according to the fast or siow muscle fiber types 2.3

REFERENCES.

1. Appel H.J. and Hanziersen F. 1929. Cell Tissue Res., 196, 531.

2. Bacou et al. 1982.Nature, 296, 661.
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ACETYLCHOLINE RELEASE FROM RAT GRAIN SYNAFTOSOMES AS MEASURED BY
THE ChE"ILUMINESCENCE MEMHOO

Bennett M.-, Morot Gaudry-Telarsain Y.. and Israel M.

H)tpartemenl de Neuro:himie, Laboretoire do Neurublologie
Cellulaire at MoIAcula~re. C.N.H.S.. Gif-s.Jr-Yvatto. France.

Pst brain mynaptotsomes iRBS) were prepared by density-
gradient ultreoenlrifuget ion r- an isotonic Ficoll density
interface at ph 7.4 and 4" C. Release of acetylcholis.. (ACh) was
me,,ured by the choline oxidaee-peroxidase-luminol Method at OR
"7.A-B.?. RBS were ' olarized with KC1. gramicidin and the
celcium xonophore 37. The oepur.t of ACh released was 1% of
that released by I edo synaptosomes of the same protein
zontent. Release induced by KC1 is calcium dependent and follows
an idettic-31 time course to the flunarizine-independent increase
in irniacellular fre2 Ca which has been obaervad in fluorescence
measurements with Indo-1. The promot ACh alse is accompenied
by a slou (34 min t.c.) calcium-independent release of choline,
e.. identified by meaeuremen.s performed aftar U-60 min of
incubation with 10 micromolar phospholine. The synaptosomes
relemse an inter'ering substance when lysed with detergent. Total
ACh content ias neeurcd nfter t ichloroacatic acid extraction
-nd otidation Llth todium metaperiodete. Substantial amounte of
chohine are prrsent in the initial preparatiot%. Rfter the
synapto•cmet have been stored for 3Z hr. ACh release is still 30-

Cet•idil bloks the release of ACh from iBS depolarized with
KCI and Qreqicidin as it does in Torpedo synaptosomes. The
hpparent Ki for .eteldil is .pproximately 25 micromolar. There
is no effect of ceteldIl on choline release.

- ermeanent address' Departement of Anenthesiology, Oregon
Health Science% University, Portland. Dragon.
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NEGATIVELY CHARGED PHOSPHOLIPIOS, A POSSIBLE TARGET FOR THE PRESYNAPTIC
PHOSPHOLIPASE NEUIROTOXIN FROM SNAKE VE1OMS

C. oN. f.RADVANjyI_-. C.

UnlitO dea ecrins - Unitd nssocii.e PASTCLIFI/INS(IM NO 285

Institut Pasteotr, 25 run du Dr. Rouju - 75015 Paris - FRANCF.

Crotoxin, the major toxic component of the South American

Rattlc.'nnke, Crotalus durisaus terrifiluu, is a potent neuroiolin

which possesses a phoa;ihol ipose A2 activity and hlocksI

neuronuiciular transmission primarily at the presyncptic level,

althoJgh at higher doses it also reduces the postsynaptic response to

acetylcholine by stabilizing the cholinergic receptor in an inactive

conformotional state.

Crotoxin, which is in fact a mixture of very similar isoforms,
consists of two non identical subunits. The basic component-B carries

the phospholipase A activity of the toxin and poisesses a low

toxicity and the aciaic component-A has no enzymatic activity although
it resembles a phospholipese % in its primary structure.

Component-A, is not toxic by itself but considerably enhances the

lethal potency of the phospholipese component-S. Upon interaction with

bioloqical or artificial membranes, the two subunits dissociate:

component-A is released rLCre i, solutlon ond com.pc.n.-0 ' iz; bond. The

isolated phospholipase component-B binds in a non saturable manner to
either erythrocyte or postsynaptic membranies. Component-A .hich does

not bind to membranes, considerably reduces the non specific

adsorption of the phospholipase subunit, without preventing its
saturable .(specific) binding to a limited number of binding sites on

the synaptic membrane.

The isolated component- possesses a low affinity for

unilameller vesicles constituted of zwitterionic phospholipids, but

binds with a high sffinity to negatively charged phospholipids. The

nof enzymatic component--A enhances the selectivity of component-B for

r,.gatively cherged phospholipids since it completely innibits the low

l finity binding of component-B to vesicles of zwitterionic
phuspholipids. These obserwatlons utrongl) suggest that negatively

charged phospholipids are the physiological target of crotoxin or at

least an imsortant part of thib trrqet. This hypotht'uis irplies that,

at voiriance witi otlher plasmej m-•mbrans, the presynaptic plunma

mlýtbr.ti-,, (or sim-.rg i.uinal i ted area of the plasma mier"tne) exposes
nq~l-rjy r'ttrrq.,.,1It O.%tIrn I rgtrl*u on its evt Powlnur suf,,ce.
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VERATRIDINE-INDUCED ASYNCHRONOUS QUANTAL RELEASE OF TRANS-

MITTER IN EXCITATORY AND INHIBITORY NERVE-MUSCLE SYNAPSES OF

CRAYFISH

W. Finger ard C. Martin

Physiologisches Institut der Technischen Universitic MUnchen

Biedersteiner Str. 29, 8000 Mdnchen 40, F.R.G.

10- 5-10-4 mol/1 veratridine in the svperfusate caused within

seconds high-frequency asynchronous release of excitatory and

inhibitory transmitter quanta in crayfish neuromuscular junc-

tions. This quantal release gave rise to vigorous current fluc-

tuations in the postsynaptic membrane of voltage clamped muscle

fibres. The current fluctuations were evaluated by means of

noise analysis and the total amount of trsnsmitter quanta li-

berated in the reaction with veratridine was estimated. After

veratridine was applied, in meny fibres of the claw opener

muscle the quantal release rate 9 increased within seconds

from R < 1 quantum/s to a maximum ;(max) - 5,00-15,000

quanta/s. Thereafter. R declined .xponentially either with a

single or with two time constants. For excitatory quantal re-

lease the single time constant for the exponential d4-cav of

was T = 55 S while it was T z 75 a for inhibitory quantal re-

lease. Altogether, in a single reaction with veratridine at

the claw opener muscle, the average total number of excitatory

quanta released from the terminals on a fibre of = 1 mm length

was i 300,000. The equivalent number of Inhibitory quanta

was i 600,000. Veratridine could induce vigorous quantal re-

lease only once in a single muscle fibre suggesting exhaustion

of quantal stores of transmitter by verstridine. The size, s,

and the decline, T, of the readily releasable quantal store of

transmitter obtained by veratridine are similar to results ob-

tained by 100 mmol/1 K (Martin and Finger 1985, Neurosci Lett

53:309-314). Stimulation at 40 Hz of the excitatory nerve for

>40 min caused release of >5 million quanta, and at this tire
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Sthe;e -- s still no sign of transmitter deficiency. Possibly,

transmitter recycling or synthesis occurs during repetitive

nerve activity. Such processcs mihht be absent, however, du-

ring strong tonic depolarizations of nerve endings (Finger and

Martin 1987, Pfl~igers Arch 408 ,Suppl 1,:R67/260).

In the abdominal superficial extensor muscle in which fibres

are inrervated by two excitatory axons up to 9 f 3,000,000

excitatory quanta could be released from the terminals on a

2-mm-long fibre by application of verstridine.

In low-Ca++ superfut~te (normal Ca++ removed), about 75 % of

the total number of releasable excitatory quanta could be li-

berated by veratridine in the claw opener. In the abdominal

superficial extensor muscle only 8 % of excitatory quanta could

be released in low-Ca++ saline. This suggests a different de-

pendence of quantal release on extracellular Ca++ for these

two nerve-muscle preparations (Finger and Martin 1987. Neurosci

Lett 75:293-298). 1
4
hen extracellular Na was replaced by Li

the total amount of excitatory and inhibitery quanta liberated

Dy veratridine was 70-90 % lower than that obtained in normal

superfusate. The remaining quanta were released, however, after

normal Na+ was reestablished and Li+ removed from the bath.
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MOLECULAR CLONING AND STPUCTIMAL CILIAACTERIZATION OF HI.MAN CHOLINESTERASE GENES

Averell Gnatt and Hermona Soreq
Department of Biological Chemistry. The Life Sciences Institute. The Hebrew University.
Jerusalem 91904, Israel

Cholinesterases (ChEs) are highly polymorphic proteins capable of rapidly degrading
the neurotransmitter acetylcholine. ChEU can be differentiated by their catalytic
properties into two major classes, both expressed in various tissues. These are
acetylcholinestertnse (AChE) and butyrylcholinesterase (BuChE), which exist in several
molecular forms. composed of a single, two or four catalytic subunits. Heavier forms
contain collagen-like "tail" non-catalytic subunits. covalently bound to one up to three
tetramers as above [1]. It is not known as yet whether different genes cods for the
various ChE forms, or whether control is post-transcriptional.

ChEs in various species display extensive homology at thi level of their amino acid
sequence [2.3] and appear to be derived from a single ancient gene [4]. Homology was
retained also at the level of nucleotide sequence and between evolutionarily-remote
species such as Torpedo californica and man [5). In humans, the genea coding for ChE are
intensively expressed in various embryonic tissues, including oocytes, as was shoun by in
situ hybridization to frozen ovarian sections (6]. This makes the ChE genes good
candioqtes "or the Appe-rance of inhezitable, ae-inserted prcvessed genes. In addItion.,
genetic linkage studies have shown that defects in the expression of serum ChE may be
linked to either chromosome 3 genes like transferrin [7) or chromosome 16 genes such as
haptoglobin [8]. Indeed, chrouosomal mapping of human ChE genes by in sLitu hybridization
revealed three loci containing ChE-coding sequences, two on chromosome No. 3 and one on
chromosome No. 16 [9).

In ordir to find out how many functional ChE genes exist in humans, what their
structure and mode of regulation are and which of the polymorphic ChS forms they encode.
molecular cloning and gene isolation experiments were initiated. Several different phage
libraries of human genowic DNA fragments were screened, including complete genoalc
libraries. libraries enriched by size fract!onat.ion of enzymatically restricted DNA and
libsaries prepared from isolated chromosoms. The full-length cDNA clone coding for human
ChE or fragments isolated from this clone (5] were labeled and used as probes in these
experiments. The screening resulted in the Isolation of several different DNA fragments,
which were subjected to DNA sequencing by the Sanger technique, using M13 sinjgle stranded

h .ges end---- s etic1 ntV.lft.$dU Dprupera vntheci7ed according to the ChEcDNA
sequencq.

The existence of differently restricted fragments from the ChE genes on two different
chromosomes, together with the results obtained by in sit.u hybridization to chromosoces
and DNA blot hybridization studies. indicate the presence of at least three ChE genres in
humans. One of these, localized on chromosome No. 3. appears to contain at leat three
intervening sequences and may represent the original human ChE gene. Two other ChE genes
appear to be processed genes derived from the latter by post-transcriptional processing
events. These do not contain Introns within their coding regions and they Include point
changes in nucleotides as compared with the human ChEcDNA. The twc. processed ChE ainigenes
&re localized on chromosomes 3 and 16. respeztively, and the ChE minigene on chromosome 16
is most probably an actively expressed processed gene, coding for the C5 variant of serum
ChE [8].
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In order to define the structural organikdtion mnd intrinsic differences between the
various human ChE genes. pulse-field DNA electeophoresis followedi by DNA blot
hybridization is currently employed, aiming to Identify, clone and isolate the human ChE
genes in their fully intact forms so that their promoter regior.s and expression properties
can be apprcached.
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ENERGETICS OF ACTIVATION OF THE ACETYLCHOLINE RECEPTOR. Meyer 0,
Jackson, Department of Biology, University of California, Los

f Angeles.
mathematical techniques applicable tn a system with an

arbitrary number of channels (Jackson, 1985, Biophys. J. J1:129)
were sined to analyze the channel gating kinetics of the
acetylcholine receptor from 0 to 20 uM carbachol. lhis analysis,
which included fitting single channel dose-response curves to
appropriate theories, provided estimates of the unliganded,
singly liganded. and doubly liganded receptor channel gating rate
constants and equilibrium constants. The dissociation constants
to the first and second binding sites were estimated for a closed
channel, and the principle of detailed balance was used to
calculate the dissociation constants to the receptor with an open
channel. This constitutes a complete energetic description of
this allosteric protein.

The equiibriuin constants of thL- gating transitions are
i.9XIO-6, 4.4X10"4, and 14 for unliganded, singly lijanded,
and doubly liganded receptor, respectively. For a c osed
channel, the first dissociation constant is 5 uM and the second
is 10 ni*. For an open channel, the two dissociation constants
are .025 and .31 ýi, respectively. Thus the binding strengths of
the two sites are very different when the channel is closed but
very similar when the channel is open. The binding sites foi the
closed state differ further in the degree to which binding
accelerates the rate of opening. Binding at the first site
accelerates the rate of opening 40 fold over the rate of
spontaneous opening; binding at the second site accelerates the
rate of opening an additional 7000 fold.

These results can be interpreted by considering how
binding energy can be utilized by the receptor. For the first
bindina site much of the energy of binding is utilized to
stabilize the complex with the closed state. The binding of the
second ligand to the closed receptor channel is weaker because
more of the binding energy 6 used to stabil!ze the open channel
conformation.
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LX THE ROLE OF THE LIPID PILAYE- ID S•iAPTlr TMANS41SSION

Konrac Kaufmann

Fochbereich Physit

Universitlt Essen GHS

D-4300 Ezsen 1, F.R.G.

The control Of synaptic functions by mebirmne piosuins has seduced even the most criTical

scientists to consider the Central factoT to be a Ioc..1 molecular Mechanism. However,

even the details of the amino acid sequences have taught nothing shout the physical basis

of membrane excitation. Membrane the, ry. in contrast, still crnitirues to proceed along

unrelated and mutually exclusive lines:

- chesiossotic theories, where protons arm crucial, describe the observed free energy

coupl1nm;

- electrical theories, where protons are ignored, model mathematically the deterministic

shape of propagating action poten•i•la;
- alloIteric theories, where neither Protonic frete enATy nor deterministic propagation

matteT.vere to explain the fluctuating Ion channels.

It contradiction to any molecular interpretation. though. the observed membrane excitatio,

is m a c i o s c o p i c . Action potentials, for example, extend for sare millimeters

in spacre in the squid giant axon membrane. Ion channels obey MACTOSCopiC atia'itical flac-

tuations. Protenic free energy coupling, too, since reversible, requires a cooperative

property of a macroscopic numler of membrane molecules.

This situation is reminiscent of the propagaton Mechanism of saund which sould havv

remained unknown e -e it investigated on the level of stingle, isolated molecules.

The macroscopic action potential libewise obeys the . rinciplee of thermodynamics and can

therefore be neither molecular nor purely electricel in nature. The thermodynamic proper-

t1c, of the Pntrn-csnic membrane aurfeme !I;%'1' azz ronz nS5n im the above membrane

thecries. This surface is constituted from the hvdrated !hospholipid layers and does Doi

req,,ire thý presence of proteins a p r i 0 r i . The application of classical thtero-

dynamics gives rise to remarlable responses of phospholipid layers to stimulation, e.g.,

by ATP or ACt hydrolases:

- free energy-rich proton-phospholilid bilayer confcrmations ronsissent with local and
with global aspects of chemiosmotic coupling;

- propagation of the hydrodynasic excitation along the bilayer wdth saltstor) velocity
of sound sad accompanied by increase atd deceCase of temperature, membrane displacement,

electrical polaxisetion, end optical density in consistence with the observed action

potential;
- fuctuating opehurl and closing of aqueous ion clsannels across the otherwise Impermeable

lipid bilayer lattice due to the strength of the thetmal motion of the flexible SUrfaCe

in the bore comprenslblIt state.

A proof for the lipid bilayer mechanism of biological membrane fmncti'ns can be obtain'd

in any one of the following ways:

- 102-



- Uritication of the PY'SroLifly unrelated theories of chesiosmovis. action potential.

and ion channel flvctestlons by the entropy, forces, end fluctuations in the lipid

biMolecular layer.

- Evidence of the mechanism which is free of aoaustable pnrameters and only requires

existence of th. oilayer. validlty of clansical thermodynamics, and applicability

of Langruir monolayer diagr.ms of state.

- Resolution of long-standing psoadones!

Htill's observation of temperature increase and d e c r t a s e during the excitation;

Isaki's observa•tions of mechanical and optical Pulses during the action potential.

and its persistence in the absence of aonovaient catnons;

the presence of ion channel opening end closing in the absence of proteins;

the dependence tven of protein-inrllced Ion chatnnel fluctuations on the lipid surface

variables of piessure, elertical pctetntial, OT pH.

Crucial eXo-.nmental test of the theory:

the predictable induction o' ion channels in pure phospholipid bilayers by the alectro-

chemical proton pcte',tial, by surface pressure, or by tempkrstune, as observed by

Hanke, Sialan, Concls. and myself.

the appearance of deterministic millisecond pulses compatible to action potestials

in pure lipid bilayers, induced by reversible pulses in any one of the surface variables;

free energy-couPling confonmatiosal bilayer transitions induced by protons directly or

by ATP and ACh hydrolases,

The rTsults of experiments on pure lipid bilevesr in collaboration with Israel Silpan,

Iolfgang Hanke, and Anus Coreas, as will as of the lhydrodynamic theory for the electro-

mechanical coupling durir.g action potentials in collaboration with Helmut brand, are

striking, since no other membrane component is capable of explaining ion chnsitels and

excitation but the macroscopic phospholipid AuTface. These are and will ba reported elsewhere.

In consequence, sensory receptors couple free energy into the phospholipid entropy.

propagation of the excitat'r., is by the aechanism and with the velocity of first sound,

while ion channels open art close, ccntrolled by lhr strerZth of the tbermal motion.

The sensory stimuJi, 'hetl# peripheral or synaptic, mediated by proteins or directly

srulIed, induce the bilayer excitation via any one of the phospholipid surface variables:

elecriw•ol i Chemicnl -oroe t"0l of the protons; mecnanikal disp;,ccuua; z;!=•tr!ct

polarisation; electrochemical potential of calcium and other aqueous ions or hydrophobic

membrant conotituents. ieceptors for voltaIe, pH, acoustical suind, for photons, tests

and smell seem predictable, respectively.

Synaptic tzansmission is reversible if the junction, is tight, in the order of the nechanical

displacement; this I$ some 10 R accoTd!Rg to IsiSt and 
T
asahi. Transmission is also con-

trolle. by the ciemioseotic proton potential. The cholinergic synapse is thus controlled

by the fastest protonic free energy source known in thi nervous system and might therefore

be enes rune efficitit than the mitochondrial ATPase system: the catalytic activity of the

phospholipid-snchored membrane acet~lcholinesterase. Thus, free energy couplimp across

.;ynapses is controlled in " chemically modifiable fashion.

.AOL
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SPONTANEOUS RELEASE OF ACETYLCHOLINE FRQM THE TORPEDO ELECTRIC
ORGAN

Roxana Licht and Daniel N. micnaelson

Department of Biocnemistry, Tel Aviv University.

In the present work we investigated the mechanisms
underlying spontaneous acetyl,--oline (ACh) release. This was
done by characterizing tne rel A•e of ACn ftom T electric
organ neurons and the effects tatereOn of cholinarglclFigands.

Incubation of Torpedc electric organ prisms in modified

TrP-edo buffer in the presence of the acetylcnolinesterase (AChE)
mnnibitors phospnoline iodide (IWO uM) or parrnxon (15W uM)

results in spontaneous ACh release. Release is iinear for about
lo min after wnich it levels off to a plateau. The innioition of
ACh release at tne plateau is completely lost when electric organ
prisms are transferred to fresh media, whereas when the tissue is
transferred to medium which nos been pruincubated with electric
organ prisms, release Is completely blocked.Innibition of ACn
release by the conditioned medium is abolished by heating the
media to 9

00C for 10 min. Incunation of Tor.edo electric organ
prisms in the absence of AChE Inhibitors res~uts in basal ACh
release whose initial rate (G-10 min) is similar to that observed
in the presence of AChE innibitors. However, at longer
incubation times (19 - 39 min) ACh release in the abse:nce of .AChE
inhibitors is not inhibited and Froceeds at the initial rate.

The effects of the vesicular ACh uptake inhiOitor 2(4-
pnenylpi4eridino) cyclohexanol (AH5183) on basal ACh release were
examined. Addition of AH1513 (0.1-1 uM) in the absence of AChE
inhinitors rssults in repressed basal release whereas in the
presence of either phoapnoline iodide or pareoxon AH5183 does not
affect ACh release. Spontaneous ACh release and the effects
tnereon of AH5183 are pH dependent. Maximal celease is obtained
&t zciVic -H thproaA re'ease is moat sensitive to AHSI83 at

neutral and basic pH.

-104 -



p1~EsSU1mz zrrwrs an ToS CunuAnTLoymtUI or UWY LINS

Patrick MA and Claude BALiSY

* Centre d'Studes et de Recherches Blophyuiologiquel a*Pllqu&*S £A I

Marine, Division do Blochimi., B.P. 610. 63600 tOULON-wAVAL, France.

* INSE6N U128. CMRS. S.P. 5051, 34033 "NTPELL1R. Franee.

The effect of hydrostatic prear ira on the reaction of human plasm

chol'nCsterUse (0e.3.1.1.8) tatramertc for7 with the carbamyl ester. N-

methyl- (7-dimethylcarbamoxY) quinolinium iodide, was studied under single-

turnover conditions at 350C up to 0.8 kbar.

The enzyme carbemylation was followed by monitoring the formation of

the fluorescent quinolinium ion ia a high-pressure stopped-flow apparatus

operating in fluoresconce mode. The apparent activation volume change ( AV+)

accompanytia the reaction was determined from the pressure-dependence of the

carbamylation rate. &V+ consists of two contributions : the volume change of

the substrate binding 4tep ( &Vb) and the activation volume change of the

carbaueylatioin aeop ( LiV*). These two contributions were obtained from

experiments performed under oressure at different non-saturatin& substrate

concenltrations.

!he zrt , t1eknn displaYs a bDphasic non-lineafr pressure

dependence. Up to 0.4 kbar, the non-linearity is caused by a chmngs iii tt.

enz)uo -substrate diesociation constant (KD ) and in the carbomylaxtion rate

constant (k ) with pressure. The curvilinear plots (fig. I) are the fit of

the experimental points according to the equation

k exp (-p A0W / RT)[S]

as KV exp (-p £-VKD / RIT; [S]

with if~g. 2) ( " t,,+.-RT AV+ - s/ .AIvu

From the psaaaure-indoced changes in KD and k2 , we calculated

A - 129 : 15 aS.sol-I and All'= 119 * 10 1l.s0l1 for the reaction at

amoopneric preseure. Th•ae Ba•-g values cannot be M'mply explained in ter•s

•r molecuiar interactions t;ey could reflect important structural changes.
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Therefore. the volume Charge associated with each step must he regarded ri

the QuM of individual contributions : bonds foreat' -n/disruption.

conformational chanaes and water structuration changes.

Beyond 0.4 kbar, the curvaturee become more marked and the

inhibition of the carbtmylation occurs in a narrow pressure range. The

correeponding great poaltive V+ suggest that, above 0.4 kbar. pressure

induces a confarmstional change and/or an extensive hydration change of the

enzyme. However. high-pressure alectrophoresia data show no change in

quaternery structure and no unfolding of the enzyme. In addition, the

inhibition is reversible after preasure r•lease.

At low substrate concentration (8 - 10 j1i), the pressure effects are

markedly different. Since aV*is dominated by the binding contribut
4

on, the

carbaylation is not premmure-inhibited. Surprisingly. AV" aspears o be

pteusure-independent at least up to 0.8 kbar. Data can be fitted by a

straight line ssummirg Vb - -5 ml.0o1- and AVo - o.

The pressure effect depending on subetrate concentration could be

discussed in terue of enzyme corforaetion perturbation. It may be muggested

that the binding of mubetrate Induces a conformational change lesding to a

preemure-sensitive conformational state.
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A NEUTRALIZING MONOCLONAL ANTIBODY TO CROTOXIN

John L. Middlebrook' and Ivan I. Kaiser2

' Pathology Division, U.S. Army Medical Research Institute of Infectious
Diseases, Frederck MD 21701 and 2Department of Molecular Biology,
I he University of Wyoming, Laramie, Wyoming 82071, USA

The purpose of this study was to define the Immunological relationships
among rattlesnake neurotoxins by using monoclonal antibodies.
Crotoxin is a potent presynaptic neurotoxin found in the venom of the
South American rattlesnake, Crotalus durissus terrificus. The toxio Is a
helerodimenc protein composed of an acidic and a basic subunit. Mice
were immunized with either the intact toxin or its basic subunit.
Monoclonal antibody-secreting hybr!doma cell lines were then obtained
using standard techniques. One of the lines was found to produce
antibody (Ab 1) which neutralized crotoxin and became the subject of
further study.

After production from ascites tumors, Ab 1 was purified on a protein
A-Sepharo. J column and typed as subclass IgG1. Ab I reacted with

crotoxin and the related mojave and virgrandis toxins, but did not react
,-kth mnmlnr toxin or ohospholipase Aks from C. atrox or C.
adamanteus. Mouse lethality ot both purified crohxin aidl rnojavo toxin
was neutralized by Ab 1. Ab 1 was approximately 50-fold more effective
at neutralizing purified crotoxin than was commercial horse antiserum.
However, Ab 1 was ;neffective at protecting from lethality due to C. d.
terrificus venom under conditions where the horse antisera worked well.
Paradoxica!ly, Ab 1, when acJed to horse antisera, markedly
potentiated the latter's effectiveness at protecting from C. d. terrificus
venom.

We conclude that several, but not all rattlesnake neurotoxlns have a
common epitope and that antibodies against this Gpitope can neutralize
the toxin, but not necessarily the venom.
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Tnt. uorkshop on structural and functional aspects of the
cholinergic synapse, Neve-Tlan Guest House. near Jeruzalem,
Aug 31 - Sept. 4. 1987.

TOE EFFECT OF AB 5183 ON TMlE RMSAS9 AND SIUlAGX OF NEWLy

SYNTUSIZ]M AC'TYUM)LIER IN FROG KUOSCL
P.C. Molonaar and G.Th.Il. van Kempen - Department of
Pharmacology. Univeisity of Leiden, Leiden, The Netherlands

It has hoe,, repoited that the compound 41i 5183 is a potent
iithibitor of acetylcholine (ACh) uptake in vitro into synaptic
vesicles prepared from the electric organ of the electric ray
(see for review: ref. 1). In ýhe present experiments we
present evidence strongly suggesting that AH 5183 has a
selective inhibitory effect on ACh uptake into synaptic
vesicles of preparations of frog skeletal muscle.

Sartorius muscles of R. escult ta were treated with an
irreveribli cholinesterase inhibitor (soman) and then
stimilated via the nerve for 30 min (I per 9 trains, 100 Hz
for 0.1 a). Muscles were L•ft in Ringer containing 50 PM

choline-d9 for 3 h and then stimulated for a second 30 min
period. AH 5183 (10 p14) was or was not present throughout the
incubation. ACh-do and ACh-d9 were measured by mass
spectrometry in incubation medium, 'bound'. presumably
vesicular, and 'free' extracts of the tissue (2).

It was -found that ACh release was exhausted by 30 min

stimulation and that a 3 h rest period was sufficient to
restore the pools of both releasable and bound ACh. Whereas Al
5183 had no effect on ACh released during the first period it
caused an about ten-fold decrease of the newly synthesized
ACh-d9 released during the second period. Further. AM 5183
strongly reduced Lhe ACh-d9 which we. incorporated into thr.
bound fraction. All 5183 had no inhibitory effect on the

amounts of ACh-d9 synthesized during the period of rest after
the first stimulation period.

It is concluded that, whereas All 5183 did not influenci the
depletion of the zele&aýblo ACh pool per !a, it had a strong

inhibitory action on both the regeneration of releasable ACh
and the transfer of ACh from the free into the bound ACh

fraction of the muscle.
Parsons S.M. at al. (1987) Ann.N.Y.Acad.Sci. 493, 220-233.
Miledi R. at al. (1982) J.Physiol. 333. 189-199.
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AN I,! -I RHIM C!IF IC IOl 11U.li MII) DIAh IIPORF, PN Avt'rYL.CLIOL INE RFI.EASING

PROUI IN. I X|HIBITS A PRI S\NAPTIC BINI)N(G IN TORPEDO AND RAT

NEUO'MI'••(l'LAR .1'NCTIONS,

Morel N. . Istraei M-. Matiaranche R. and Leabsts B.

!lept Neurrchimie, lsvNepurobiclogie Cellulaire et Noleculaire,

C.N.R.S., 91190 Gif ;or Yvette, France.

Recently we purified from the presynaptic plasma membrane of

Torpedo rlectiic organ a pretein (the mediatophore) that mediates

calcium dependent release of acetylcholine from proteoliposomes

(Itrael et al, 1986, Pro(.Natl.Acad.Sci.ISA, 83, 9226-9230).

By immunoblot techniqueb, uaing a rabbit antiserum to the purified

mediatophcre, this antigen was shown to be most abundant in presynaptic

plasma menmbranes purified from Torpedo electric organ, present in lesser

amounts in synaptic vesicle fractions and hardly detectable In electric

nerve membranes or plasma membranes of the electroplaquss. It was also

possible to demonstrate by indirect immunofluurescence the presence of

a related antigen in Torpedo and rat neuromuscular ;unctions. The

fluorescence pattern n' typical of a presynaptic binding. These

immunological results show that the protein medlatophore is specifia for

the presynaptic plasma membrane and that a related protein is also present

in Torpedo and rat neuromuscular junctions.
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I NHIBITORY EFFECT OF CETIEDIL ON PRESYNAPTIC ACETYLCH.OLINE
RELEASE

florot Geudry-Talareain Y.0 Israel M.. Morel U. Lelbats B., end
Manaranche R.

O04pertaent do Nvurcchimie. Laboratoire do Neuroboloegle

Callulaire at Mollculs~ra. C.N.R.S., Gif-sur-Yvetts. FrenL*.

The effects of cotiodil. a v-sodilatator substance, on

cholinargic function, were e,a•sned at the nerve electro}laous
junction of Torpedo mormoreta using both synnptosomes and

slices of intact tissue. Cetiedil abolished the calcium

cdependt5nt release of acetylcholilne (ACh) triggered by

depolarulation with I(Cl, gramicidin 0 appl icaion. 6lycera
neurctOalr effect or by the addition of the calcium ionophore

A123197. plaecnQ the 31te of action after tee calcium entry step.
In additlin, a direct effect on the re6le~e process itself was
supported by the fact that cetledil was able to block the calcium
depedent release of ACh mediated from ACh-containing
proteoliccomes -eccnslituted 'rom synthetic leci•hin and the
recently isolated presywaPtiC membrar. protein "nediatophore'.
This affect aes obtained at a Ki close to that observad in

s)naptoscies or in %ntact tissue ( 5-P microeolar). Urder the
conditilns used in these etoeriments. neither the synthesiN.

nor its conpertmentatlOn within the nelre terrinil were altered.

Hcwever. the drug appeers ible to reduce hiogh-affinity choline
4ptale ane the vesicular ACh incorporation when given together

with radioaclive ectete precursor. Thus, cetledil hs3 a broad
inhibitory action o'n choltnergic membrane uptake o-oress.
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REGULATION OF CHICKEN MUSCLE ACETYLCHOLINE RECEPTOR GENEEXPRESSION

Stephen J.Moss, David M.W. Beeson, Mark G. Darlison and
Eric A. Barnard. MRC Molecular Neurobiology Unit, MRC
Centre, Hills Road, Cambridge, CB2 2QH and Department of
Biochemistry, Imperial College of Science and Technology,
South Kensington, London, SW7 2AZ, United Kingdom.

The nicotinic acetylcholine receptor (nAChR) within the

electric organ and vertebzate skeletal. muscle has been
shown to be an oligomeric integral membrane, ion-gating,
gly coprotein consisting of four subunits of a stoichiometry
ci8y6. The analysis of complementary DNA (cDNA) and
g9nomic equivalents has shown than within the electric
organ each polypeptide is encoded by a distinct gene.
Parallel studies on the calf nAChR reveal a similar pattern
of genomic urganisation. Regulation of the expression of
these genes in vivo is of great interest but as yet little
information T-s -V-allable on this matter. We have taken
advantage of the accessibility of the chicken to investi-
gate the developmental expression of the chicken skeletal
muscle nAChR transcripts, and their response to chronic
denervation. Subunit-specific probes derived from cDNA and
genomic clones generated within this laboratory for the
cx,B,y and 6 subunits *f the chicken muscle nAChR have been
used to probe poly(A) RNA derived from embryonic, dener-
vated innervated chicken skeletal muscle. High levels
of each subunit transcript are seen early in devzlop.=!nt
peaking at D1 .- D),, decreasing rapidly tbwards D i. nch
lower levelsbdf ae c, and 6 transcripts could fl de ected
in innervated muscle. Upon denervation of 8-week-old
chicken muscle, levels of all four transcripts were
observed to approach embryonic values. The Importance of
these results will be discussed with regard to the
regulation of the genes encoding the nAChR oligomer.
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REGULJTION OF CHICKEN MUSCLE ACETYLCIOLINE RECEPTOR GENE
EXPRESSION

Stephen J.Moss David H W. Beeson. Kark G. Darlison end
Eric A. Bernard. HRC Molecular Neurobiology Unit, NRC
Centre. ,Hll Road, Cambridge. C11 l2O and Department of
Uiochem.stry, Impertal Co~lege of Science and Technology,
South Kensigaton. London, SW7 2AZ, United Kingdom.

The nicotinic acetylcholine receptor (nAChR) within the
electr'c organ and vertebrate skeletal muscle has been
shown . be an oligomeric, Integral membrane, ion-gating,
glyccprotein consisting of four subunits of a stoichiometry

SRBy6. The analysis ot compleamentar fDNA (cDNA) and
g8nolic equivalents has ahovn than vihin the electric
orgau each polypeptlde is encoded by a distinct Sene.
Parallel studies on the calf nAChE reveal a similar pattern
of Senolco organisation. Regulation of the expression of
thase genes in vivo Ia of great interest but as yet little
Information Y5 IVislble on this matter. Wc have taken
advantage of the accesuibility of the chicken to inveat!-
gate the developmental expression of the chicken skeletal
muscle nAChR transcript•., and their response to chronic
denervation. Subunit-apeclfic probes derived from cDNA and
genezic clones generated within this laboratory for the
n.; y and Z subunits qf the chicken muscle nAChR have been
used toprcbe poly(A) RNA derived from embryonic, asetr-
vated and innervated chicken skeletal muscle. High levels
of each subunit transcript are seen early in development
peaking at Dl-D ,, decreaeing rapidly towards D Much
lower levelonf ?Is o,0 and 6 transcriptp could fl detected
in innervated muscle. Upon denervation of 8-waek-old
chicken muscle. levels of all four transcripts vere
observed to approach enbryonic values. The Importance of
these results vill be die:ussed with regard to the
regulation of the genes encoding the nAChR oligcmer.
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gTFlj. M!,ORY MODELLING : SYNAPSE LEVWH

Simeon Jordanov I1rchev (ul. "Jordara Ki shew" 21 .48600 Jambol,BfIgaria)

The stable synapse-modification (a base of the long-term apace
traces) is connected ,4th the moleolar-chemical processes in the
synapse for--s,the genetic apparatus of the nearons taking part.2!lo
basic hypotheses dominate .
- The adaptation hypothesis - a seqvence of the followitr ewents
1.Incrýeaaiqg of the secr)toriua functions of the synapse when It is
included in the activated system of inter-ne/son lirks, tihth lead
to intensification of the interaction between the mediator and the
receptor proteins of the post-synapse memibrane; 2.Ca'asfln of inere-
ased forsing of the deporessor (in the synthesis of the receptor pro-
tein in the membrane) and its diffusion in the nucleus in an incre-
ased quantity; 3.The synthesis of the oorresponding mRN4 in the nac-
Sea s is increased and als3 its corAing out in th e cytopl a sm, whl dh to
incrEasirg of tie receptor protein synthesis; 4.W•.th the help of the
factor 'buildi% in"(vtich is formed in the membrane when the synap-
se is activated) increased buildirg iA of accessory ammounts of thisprotein in the sib-synapse membrane is caused and as a fix-al resilt
the synapse effectiveness increaoes.Consequently the basic plastic
processes in the synapse apparatus take place in the post-synapse
:eobrane and probably the apparatus of the spine growths takes part
in the meory processes and the teaching. Despite the exLstence of a
lot of indirect facts, there is not a direct provement of the adapta-
tion hypothesis up to now because of the absence of an adequate bio-
logical model ;
- A strictare-chemical hypothesis : The role of the genome is reduced
to seuring of the synthesis of specitic (for determined nairots)
proteins or peptids, i.e. to securing of markers,ihich determine the
genetic type of the brain structures (one for all) and to forming of
the inborn (uncnditional) reflexes. The genetically determined nae-
ron systems (proto-chains) are in fact a stnxctural brain code with
high plasticity,i.e. the record and storing of the ontogenetic in-
for•• tion in the LonF-t em E:ecury ua 5±evzed Iu , a -,a - -- -
The polasticity features secure forming of new neuron ctiains (meta-
&hains),i.e. synapse-codifications are realized (the incrsse of the
synapse effectiveness is detemmined anatomically; new syrapse net-
wots are formed), Of =ost complete character is the hypotiheis of
G.Utrgar, namely : 1.The simultaneras activation of the neuron chains
(of the unconditional reflex) and some of the afferent systems leads
to a trans-synapse transport of the peptids-maters in the netwotk
of specialized intex-reurona ("memory cells"); 2oThe trans-ueptida-

a, of the last cells "sew together" from the maters a new peptide -
a non-genetic level of coding of the ontogenetic information; 3.3y
building in of the "sewn togeTher" peptide in the membrane synapse
protein (of the "memory cells") the lilrs of the nevty-fommed meta-
chains are ccnaolidatedi.e. a conditioned reflex lit appears.
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D4 SORC or~ 71ME LICA UDWDNG SniM or* iMM Siu ?ICD3MIC hWYrL&WLmE

Ikrtiit 2Emm. IW& ftvt., 2Zi Vogel, 3E1~mze Kcws Dozi Savd.a

zDqarfmit. of k0wuical DmamaLo and ~2?4. tioogy, Vtw Weinmawx yzsti--

tijte of Science. Rebvovat, Israel. 3DWO.,ariint of ZoolOgy. Tel PAiv Lhtver-

city, Tel Aviv, Ursral

noi acetylcholaine receptor (A~hf) in the rnlffou.2oJIar Junction (NO) of
Elapid uiakmi tespaiif to chclinergic ligands but unli~w Ot~ha rmAc-le A~~w

doe nt bind %-4xnarotoxi (aL-Mr). Hence, dissacti-ig the structure oK
dwa nake AchR and its ch:Ainergic binding site is of uniique interest. By
estrmiiix the wirdno eid Bequenco of the snake AORt m- subkunit and aoo'ar-
ingit tota of auceAA rmv pelsa ell awto nawca

x", t oeygain linsIght intD 'd- txdiue pharmac-logica1 profile of the

ottwar s s 7b vezif~y that the AChR of the snake was in factreitn
to at-on, we examined the effect of inlraperitansal injectioni of ti wo
tcoxin an snak vtality. Irdead, admin-Jrdsation of *L-BTX in oox~enraticras
gg!Mr~l (zxdwra of uiagnituds higher than its LD0for otl-er species i not
result 1israke death,. In aeadý of the Bnake N~hR guiwes have prepared

oya 'blots of snake M~k, digested with several restriction enzymes. By
w~lokV a321labeled MAN probe of the mane A~hR a-viuubzit (kindly ro,-

vided by S. Heinemansn), we coud dawiostrate a cxs-reacticrn of Athio probe
with freagtents of snake DMu digestod with Xbal, 9i41, Soo[U, Og~ll ard Hin-
dlin. A gucmic library from~ wake MA esv prepaxed in a igtlO vector by
Isolating gstnmic Z fragwinta in the range of 4-6 Ib, ctrtairnad by FMCRIl

di n f DM.A A vme±Livu tr t i-a moi. n e vrobe was so
I staG. 7th snake A"-I thu~s prov~ides a xseful wywiinit for el1cid.-ti~rQ tho
wbucbuaal xe~requiwts for aoniiot birding and for discr1iminatbng between~
the cL-BX maid the cholingargic binding sits in wyacla receptor.
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ALTERNATE TERMINATION SITES Ih HUMAN CHOLINESTERASE GENES

Catherine Prody
1 2

, Ronit Zmair '
3
. Hedm Zakut3 and Hermona Soreq

1. Department of Biological Chemistry. The Life Sciences Institute. The Hebrew University,
Jerusalem 91904, Israel
2. Department of Neurobiology, The Weizmann Institute of Science, Rehovot 76100. Israel
3. Department of Obstetrics and Gynecology, The Edith Wolfson Nadical Centar, Holon, The
Sackler Faculty of Medicine, Tel Aviv University. Israel.

Acetylcholinesterase (AChE) end butyrylcholinesterase (BuChE) are polymorphic enzymes
that exist in parallel arravG oa" multiple molecular fores with similar kinetic properties.
They differ in the number of catalytic subunits, in their level of hydrophobicity and mode
of glycosylation, Fnd in their cellular mad subcellular localization [1]. We recently
isolated a full length cDNA encoding BuChE from fetel human tissues (2.3)]. Both the
enccded protein and its nucleotide sequence display strzking homologies to sequences for
Torpedo ACh2 (4,5]. To examine whether the isolated c5NA also shares homologous sequences
with other nervous system cholinesterase (ChE) cDNAs in humans, we searched by screening

cDNA librarieS for cDNA clones that hybridize with this cDNA but are not identical to it.
Libraries were prepared frro glioblastoma tissues (6] and neuroblestoma cells [7]. These
were founi to contain different patterrs of ChE molecular forms from those of normal brain
tissues (6].

The probes used were the original BuChEcDNA. and oligodeoxynucleotides syntheslzed
according to nucleotide sequences that are homologous in both BuChFFcNA and in AChgctjXA
clones from To r2pedo californica r4] Fnd Torpedo marmorate [8]. 10 phages from each
library were screened by both methods, 175 end 200 BuChEcDNA-positive phages were round in
the glioblastoma and neuroblestoma libraries, respectively. When screened with the
oligodeoxynucleotide probes, similar numbers of positive pha"es were detected in both
libraries, and most of these overlapped with the BuChEcDNA pneitive phages.

Two glioblastoma clones, however, appeared by comparative hybridization to include
the pursued ollgonucleotkdes but to contain different cDNA sequences and were further
characterized by DNA sequencing. We found that these were derived from an mRNA transcript
thqt includes ca. 230 nuclotides from the 5' region of the BuChEcDNA, but that it extended
beyond the BuChEcDNA at its 5' end and continued with a different sequence in the 3'
direction.

About 25% of the nycrdlelaticn cie.--!_a nbtained with BuChEcDNA were significant but
weak, suggesting sequence differences. Out of Lhese. 5 g!lobleatosa and 3 nsurla~ t.:n
clones displayed different restriction patterns from that of the original cDNA. One of
these gliublastoma clones and all three neuroblastoma ones contained an additintl 0.5
fragment (designated FI) at the 3' un~ranalated region of the cDNA. Another o-.6 of the
glioblastowa clones contairned yet another 0.5 kb fragment (designated P11). also at the 3'
end. This fragment was not detected in any of the neuroblastome clones. To establish that
the cDNAs containing these fragments were authentic transcripts of the cholinesterase
(ChE) genes, and to define their chromosomal location, we employed in situ hybridization
to lymphocyte chromosomes (9]. We found that both FI and F11 hybridize to the long art of
chromosome 3. similar to the original BuChEcDNA, and that F1 also hybriJizes to the same
area of rhromosome 16 to which the original clone hybridizes [101. Furthermore, Fl was
also found on a ChE genomic clone from chromosowe 3 (113.

The screening results indicate that sequences hybridV.ing to BuChEc!JNA occur in
glioblastoma end neurobalstoma cells at a frequency of ca 10 . which is higher than found
in fetal brain, and may be due to the differentiation state of the tissues, We also found
that there are multiple termiantion sites in the BuChE gene. and obtained evidence for
alternate splicing, Because these phenomeno were not detected in cDNA libraries from
normal tissues, it will be interesting to see if these changes are related to the
different patterns of CME molecular forms in the glioblastoma and neuroblastoma tissues,
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THE COEXISTLNCE AND CORELEASE OF ACETYLCHOLINE AND ENKEPHALINS
EROM TORPEDO NERVE TERMINALS

Rive RosenDlum, Yosef Sarne* and Daniel M. Michaelson

Departments of Biochemistry and Physiology and Pharmacology*, Tel
Aviv University, Israel.

in the present study we investigated tne coexistence of
acetylcholine (ACn) and enkephalinS in Torpedo electromotor
neurons and their corelease following presynaptic stimulation.

Analysis by HPLC of TCA extracts of the electric lobe,
el-ctromotor nerve and electric organ of tne T revealed
that they contain Met-enkephalin and Leu-enkephalin-like
immnoreactivities. The specific concontrations of tnesa opioid
peptides is about thirty-fold higher in the electric lob6 than in
the electric organ (respectively 35o and 12 fmol/mg prot).
subcellular fLactionation of electric organ homogenates revealed
tnat ACh and the enkepnalins comigrate following aifferential and
density gradient centrifugation and tnat tne purified
synaptosomes and the microsomal fraction are highly enriched in
botn ACh and enkephalins. This suggests that AC,, and the
enkepralins coexist presynaptically and that the enkephalins are
compartmentalized in small vesicles.

K+ depolari7ation of isolated electric organ prisms in the
prese ce of Ca + and the acetylcholinesterase inhibitor
pnospnoline iodide results in the corelease of ACh and enkephalin
and in the concomitant decrease of the tissue enkephalins
content. ACh release proceeds- linearly for at least 10 min
whereas releaze of the enkephalins is transient. The extent to
wnich this difference is due to the release process or to
hydrolysis of the released enkephalins by endogenous peptidase
ana enxepnaiinase activiEies in discusseu.
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PHSPHOFM'ATION Or IMl 1t(lYLOCLtrr RM1Ut: S7U3IIS WrMt SMft1¶irfC

Mnat Sdfron, Pbrdt Sagi-Eiseiberv, VOzrit Neaman And S.'- nadw~, Dteparttwnt

of Cafau~ca1 Uflw%31oogY, The Tyez. -nn Institute of Scismen Rehovot 76100,

lbs acetylcho~line reca3Qtor (ACh'R) is a :50 kDa trans91nrane glycopiotaij
4tiich ocmnists of tox~r subunits asssuntbed in a ninlar stoichiam~- ofa- D-
Synthetic pep'tides corresp~adirig to defined sequenmUS of A~h ;.-. fteirý
respective antibodies =ar being etployed for the study of receptor phosplx--
rylatican. WeJ have previously dawxwstrated that the cAMP depndent protein
kirase (MIQ) Omptrylaticrn site resides within sequeice 3-94-367 of the a
subunit of af finity purified al well as mwbr~ars borki Tcrpedo AChR. -.be
0=0=ylation site of the Ce /Omperholipid. depandent protein kinase (WtC)

was recanetly srliov to be 1=.Luded within the swe sequenc of thm 6 subuxnit.
Thbis, the phosphorylaticxn sites for both PWA end PW. reside in close proxdim-
ity, within three cosecutive aerine residues at preitions 360, 361 and 362
of the 8 auburit. Pthoshoylaticn by thvese tw kine&ses may therefore affect
biological functicxaung similarly. Alternatively, these two kinases may
operate in an additive, synrgoisttc or antagcawhistic mannrwr opening the pos-
sibility for pleotrropic effects achieved through ephoshrylaticn of the
recepinr. Th role of AChR phophrylattion in receptor functioni is cur-
rently being studied using imiale cells in cultuie.



REC'ONSTITUTION OF ISOIATED ACETYLCHOLIN RECEPTORS

- A CRITIQUE -

Th. Schtlrholz, J.Weher, E, Neumann, Fauluty ef Cheinstry, University of Bielefeld, D-4800

Rietrield, F.R.G.

"Finkeistein's socks is a decisive parameter for re,:onstitution of channel proteins into planar

bilayers'. T'his sentence nicely cariatures the kind of arguments, used in acetylcholin recep-

tor-channel (AcChR) reconstituton, too. The r-.ason: aiithough some papers suggest the
contrary, there are many features of AcChR reconstitution uncontrolled.

AcChR-'molecules" can be purified by affinity chromatography. 'reconstituted' into pro-

tein-lipid-vesicles and afterwards into planar membranes via, in principle., two methods: fus-

sion or assembly from two vesicle-spread monolayers. In the presence of agonists different

1-inds of cha nnel openings can be recorded: fast single channels, bursts, and long openings

with short closures in between. Similar results have been shown with reconstituted membrane

fragments. In addition we see 'fuzzy channeis" and less defined events of conductivity, which

reemerge all the time again. Often , with the same sample, nothing can be seen. Such data
have not been published or mentioned yet, because they don't fit into the common idea of

how channels have to look like or are thought to be garbage as 99,% of the recorded data, too.

Although few articles give evidence, that reconstituted AcChRs can be activated by agonists

and blocked by antagonists, the data don't yield more tnen just evidence., ass they lack a

profund statistical basis. Besides, single channel recordings, are, by principle, not suitable to

answer questions like agonist activation.

Reconstitution is a sonorous word for a simple mixing of some molecules. Many people

don't realize that, e.g., during dialysis phase separation or structural changes of protein lipid

S.... x...... hopei..- vh,• •~ho processes will influence the structure and the compo-

sition of the resulting vesicles. S tchmtastable structures depend on composition and the

velocity and sequence of the steps. This phenomena should receive more attention in future.

A major lack of thi. channel data shown so far is that the number of channels in the

measurement cannot be correlated to the numnber of AcChRs incorporated into the bilayer.

Ac'ChR-channel openings are usually recorded long after application of agonist. Therefore

the channels seen in the bilayer cannot be compared with those induced in the synapse; they

rather seem to arise from desensitized receptor states. Is' contrast to the very short distance in

the synaptic junction (20 imn) the agonist has to diffuse across a relatively thick unstirred layer

(0.1mm) towards the planar bilayer. Therefore the agonist concentration at the membrane

will rise from a low concentration in the minute time tange, causing desensitisation before an

agonist concentration is reached that is high enough for AcChR-channel activation.
To overcome these problems an experimental strategy is proposed which hopefully will

evoke a fruitful discussion_

Acknowledgernent. We p-a'effl.y acknowvledge fw&innd support by the DFG (grant SFB 2231D3 10 ELN.)
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MOLECULAR FORMS AND LOCALIZATION OF ACET'YLCHCLINESTEBASE AND NONSPEXIFIC

CHOLINESTERASE IN REGENERATING SKELEhTAL MUSCLE

Janez Scetelj, Neva Crne and Mireo rzin

Institute of Pathophysiology, School of Medicine, 61105 Ljubljana, Yugoslavia

The soleus and EDL musclis of rats were isolated, incubated with ar Irrever-

sible AChE Jnhib.itoranda myotoxie substance, and autotransplanted back in

the place of the contra lateral EDL muscle. Ischemic necrosis was followed by

muscle regeneration within the tubes of old basal laminas. Reirnervatinn of

muscle regenerates was prevented by high axotom.,y of the sciatic nerve.

Molecular forms and histochemieal localization of ac tylcholinesterase and

nonspecific cholinesterase were eunalysed in munscle regenerates. Regenerating

myotubes and myofibres produce the 16S AChE form in the absence of innervation.

The asymme-ric mclecular forms are present throughout te length of mu--cle

regenerates. The 4S globular form predominates in early regenerateS whereas

the tetrameric I0 AChE form becomes predominant after crons-striatious

appear in nuscle regenerates. Although the patterns of AChE molecular forms

in normal EDL and soleus musc's differ sign:flcantly no such differences

were observed in noninnervatt&: regenerates from both muscles.

Two types of local accumulation of AChE appear on the sarcolemma of regene-

rating muscles: first, in places of former motor endplates and, second, in extra-

junctional regions. The'junctional' AChE accumulations appeared also in rege-

nerates prepared from muscles that had been predenervated for one morith.

AChE in the 'extrajunctionaP' accumulations can be detached by collagenase

Lrcatmad t of 7CL*.*,1 zed r*gnerate..IVA thea pze,.-C Ze UkhA k ;5k y-

mmetrlc molecular forms. The 4S rorm of nonspecific cholinesterase is prevailing

in regenerating myotubes whereas its asymnetric forms nor focal accumulaticns

could not be identified reliably.

The satellite celia which survive after muscle degeneration probably originate

from some type of late myoblasts and transmit the information corcerning the

ability to synthesize the asymmetrJc AChE forms and to focally accumulate AChE

to regenerating truscle cells. Synaptic basal lamina from former motor endplat's

may locally induce AChE accumulations in regenerating muscles. The ind iclng

substance does not need a continuous presence nf the motor nerve and may be

produced by the muscle.
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COtIFOtMATIONAL STABILITY OF NON-AGED AND At! ORGAWOP4CSPHORYL

COUJUGATES or ot-CHYmoTRYpSI".

I
N. Steinberg, J.Gronwa'd , Y. Ashani. and 1. Silman. Dept of Neurobioloqgy

Weizmann Institute. Rehovotr Isrsel Institute for Alologieal Research,

Ness-Ziona, IsrJel.

organophosphqruu (OP) e*te-s inhibit serine hydrolmses such as
chymotrypsin (Cht). trypsin and acetylcholinesteiase (AChE), by formation

of a stoichiometric covalent conjugate with the active-site earine.

The Inhibited enzyme can subsequently undergo one of two competing

processest either reactivation or 'aging'. with the latter resulting in
a conjugate which is completely resistant to reactivation (Hobbiger, 1955;

Aldrige & Pelner, 1972). Aging involves detachment of a substituent from
the phosphorus atom. with concomitant introduction of a negative charge

into the active-site, according to the following schemei

irixbition

VI*XF(0)(OR'R E ___ '(P~u (c)(O0)K

reactivation aging

where R is an a!kyl, alkoxy ot aryloxy group, R' is an alkyl or aryl group,

and X is a leaving group. Kinetic studies show that the electrostatic barrier
provided by the negative chaige cannot, alone, explain the complete resistance

to reactivation observed experimentally 19ehrman et al., 1970).

The aim of this study was to investigate the susceptibility to confor-

mational chanyes of the active-site region of non-aged and aged Cht.

The susceptibility to denanturation of pyrenebutylethylphosphoryl-Cht

(FBEP-Cht) (non-aged) and of pyrenebutylhydroxyphosphoryl-Cht (PBP-Chti

(aged) was studied by measurement of 'heir circular dichroibm (CD) spectra

at various concentrations of guanidinium hydrochloride MGu.l•I). "Reactiva-

tion studies, after incubation with Gu.HCI, were performed in parallel.

The CD spectrum of PBEP-Cht exhibits four conformational transitions,

The first, at 0.3-0.4 M Gu.PCl, in the range of 310-340 nmi the second, at

about 0.7 M Gu.HC1, near 35C nmf the third, at 1-2 M Gu.lCI, in the range

of 290-310 nm: and the fourth, at 2-3 M GuHCI, in the range of 215-290 nf.

In contrast, PBP-Cht e4hibitl only two conformational transitions, The
first, at ca. 0.? M Gu.HCl, is observed at about 350 nmb the second, at

2-3 N Gu.mCI, is observed in the whole spectral range of 215-370 no.

The optical activity Lbove 310 nm originates in the pyrene chrcomophorel
it thus reflects the confo:mation of the catalytic site, whereas the tran-

sition at ca. 235 nm may be ascribed primarily to the polypeptidu linkages

of the whole protein. In both conjugates conformational changes ii the
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pyrene absorptior region occur at Gu.1RC concentrattons which are much lower
than that required for total denaturation of the enzyme, which in 2-3m, ms
was also establiu,-od in control experiments with unmodified Cht. Rowever,
reactivation studies which were performed with PBEP-Cht at the various Gu.CHl
concentrations demonitrated that its ability to undergo reactivation with

3-pyridinealdoxime methiodide (3 PAM) (Cohen & Erlanqer, 1960) to maintsined

as long as total denaturration has not bevn achieved: the catalytic activity

of unmodified Cht in similarly mainitained unless total denaturation is achieved.
Thus, there appears to be no disruption of the active sites of either the
OP-Cht conjugates or of the unm,-Ified enzyme prior to full denaturation.
We may, therefore, conclude that all the conformational transitions observed

above 310 nm and at Gu-HCI concentrations below 2M result from different

orientations of the pyrene probe within the active site, rather than from
disruption of the active site itself. It should be noted, however, that there
is a marked difference between the tendency of PBEP-Cht and that of PBP-Cht

to undergo orientational changes within their active sites. The non-aged
conjugate undergoes more such reorientations, the first occuring at a Gu.HCI

concentration as low as 0.3M; in contrast, the first observed orientational

change observed for the aged conjugate, PBP-Cht, occurs only at 0.7M Gu.aC1.
These results clearly suppOrt the contention that the aged form has undergone

a conformational stabilization in its active site, relative to tite non-aged
form.
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PHYSICAL PARAETERS OF THE TRANSFORKATIONS AKD DISTRIBUTION 07

1 ;,'FOWAT IONS.

Action Potentials and electronic potentials are conducted to

the limits of the cell only, with the exception of some very specialized
structures where the adjacent cells are not affected by potential changes
in certa* cell. The nervous system, however, is a network with strong
functionpl coupling of cells and in addition informest;on.bas to be

transmitted from receptor cells to nerve cells, and from these to effectors

like muscle or gland cells. The transmission occurs at synapses, at

morphologically highly specialized contacts between ceils. In most cases

a chenical transmitter substance mediates the information transfer.

The action potential roaching the nerve terminal induce the
release of the content of synaptic vesicles into the synaptic cleft.
The vesicles contain a transmitter substance which in case of the
neuromuscul&r junction is acetylcholine. This transmitter diffuses

across the synaptic cleft and reacts with receptors in the postaynaptic

membrane, which canse the opening of synaptic ion charnels. The

resulting ionic currents generate postaynaptic potentials which may

trlgL ,.c-t- potentinls 4- the ..st.--- c.. ll, 7piptin the
synaptic transmis-ion process.

A nunber of chemical transmitters are known which act at
different synapses. The best Investigate4l ones ares Acetylcholine,
Epinephrine/Norepinephrine, )(-nn'ino butyric acid and glutamate.

For these substances the releaso of transmitter after stimulation wots

proven chemically. For the funtional role of the following transmitters
some final evidence is still missings glycine, asparate , serotonine,
dopamine, nucleotides like adenosine and-'sne peptides which also

may act as hormones. Allihese molecules are relatively small and some
of them occur in the metabolism •f many cells at relatively high
concentration. These substances only can act as transmitters at locally

very high concentrations and by means of special supportive mechanisms.

Very probably many more transmitters will be found in addition to the

listed ones.
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The mode of release corresponds to an olectrophysiological

observation which is obtained in all synapses studied thoroughly.
Postsynaptic potenttald or currents are composed of small units of

quianta. To understand the mechanism of relearL of transmitters,

syn&ptic current will be prop-aed to measure in different conditions.

The release of transmittsr by the presynaptic neuron in

induced by the action potential. It is not necessary,

however, that the neuron is excited also passive depolarization

leads to release of transmitter. At the giant synapse the presynaptic

potential can be varied by application of current. The release of

transmitter depends very much on the Ca2÷ concentration in the

ertracellulla? fluid. The postsynaptic potential incre&as about

proportional to the 4th power of Ca2+ conceatration, This relationship

may indicate that the release of one quant-an of transmitter is

induced by the cooperative reaction of four Ca2÷ with regulatory

sites in the memberane. An increase of the intracellulkv Ca 2 ÷ concentration
directly before the release of transmitter has been already measured.

We have plcnned to study the effect of other anions on the release of

transmitters. We have also proposed to measure the excitatory

postsyniptic potentials and Inhibitory postsynaptic potentials vh.ch

depolarizb and hypurpolsaize the memberane respectively.
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MOLELULAR FORMS OF ACETVLCHOL INESTERASE IN

ADULT PROSOPHILA : STRUCTURE ARV HYVROP.OBTC INTERACTIONS

JP Tou•tan~t M11, M Akpagaaa (21, P FouAt.ieA (31

(1) Phyaectogis Avniate, ITRA, MoopeIeLLeA Cedex
(2) PhytcphAamacie, INRA, 78000 Vemuai.ifes
(3) Cent-e de Reche~che INRA, 06606 Antzbu C~dtz

Drosophila acetylcholinesterase (AChE. EC 3117)
from crude extracts of adult heads or after purification
by affinity chromatography was studied by ultracentrifuga-
tion in sucrose gradients and by non denaturing electro-
phoresis in the presence of Triton X100, Brij 96 or
sodium deoxycbolste.

The major molecular form of AChE sedimented at
6.1 S in the presence of Triton X100, at 4.2 S in the
presence of Brij 96 and formed fast sedimenting aggregates
In the absence of detergent. Treatments of this form by
proteases or phosphatidylinositol phospholipaae C (PIPLO)
suppressed the interaction w'th detergents but the cataly-
tic activity of the lytic form remained unaffected. The
native 6.1 S form is therefore referred to as an amphiphi-
lic enzyme.

Autolysis (storage at +4°C for several weeks)
converted the amphiphilic form into two components (sedi-
menting at 6.5 S and 4.2 S) uhich no longer interacted
with detergents. These 6.5 S and 4.2 S forms were always

4re ent in min4r smtin1 in mat-a erial (in
the presence of antiproteolytic agents).

Partial disulfide bridge teduction of the amphi-
philic 6.1 S form produced a catalytically active compo-
nent sedimenting at 3.5 S in Triton X100. at 2.0 S in the
presence of Brij 96 and forming aggregates In the absence
of detergent.
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These results, as well as the data from non denatu-
ring Alectrophoresis (illustTatedon the poster) demonstra-
te that the major molecular forv of Drosophila AChE is a
disulfide-linked amphiphilic dimar (G2) which cen be con-
verted into a detergent Interacting monomer (GC) by reduc-
tion or into hydrophilic G2 end Cl on autolysis. The
hydrophotic domain of amphiphilic G2 and Gl is constituted
by a glycolipld (sea also Cnagey at @l., 1 Biol Chem,in
press).

The figure surnarixes these conclusions:

?./<wtolyais,

AnighIphilicPPL ' Hydrophilic

G2 02

it2 2 -MEth
2-MEth U?BlosyntheasiJ •Protsolysts

Amphiphilic Hydrophilic
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MONOCLONAL ANTIBODIES TO CHICKEN ACETYLCHOLINESTERASE AND
B3 IYRYLCHOLINESTERASE

Tsim, S.W.K., Randall, W.R.÷+ and Barnard, C.A.

MRC Molecular Neurobiology Unit
MRC Centre, University of Cambridge
Cambridge CB2 20H, UK

+Department of Anatomy and Cell Biology
oniversity of Miami School of Medicine
Miami, Florida 33101, USA

The asymmetric (20 S) acetylcholinestease (AChE) from one-day old
chick muscle was purified on an immunoaffinity column of
immobilized antibody to chick brain AChE and used for immunization.
Eight monoclonal antibodies (mAbs) against the muscle enzyme were
isolated and characterized. Five antibodies (4A8, ICl, 1097, 7G8
and 8H11) recognised the ll0-kDa AChE catalytic subunit, one
antibody (7DII) recognised the 72-kDa butyrylchnlinesterase (BuChE)
catalytic subunit and 2 antibodies (6B6 and 7D7) reacted with the
58-kDa collagenous tail unit. Those 3 polypeptides can be
ricognised in the 20 S ennyme used, which is a hybrid enzyme. Four
of the anti-l10-kDa subunit mAbs atained the AChE on immunoblots.
rucrose density gradient analysis of the antibody enzyme complexes
showed that the anti-ll0-kDa subunit mAb cross-links the 20 S AChE
molecules and migrates to the bottom of the tube, while there is
only a 2 - 3 S shift with the mAbs specific for the 72-kDa or the
58-kDo subunit, suggesting that these subunits are more
inaccessible in the structure for cross-linking by one IgG
ofolecule. The 4A8, 107B, 7DII and 7D7 mAbs showed cross-reactivity
to the corresponding enzyne trom quail muscle; however, none of the
eight mAbs reacted with either enzyme from mammalian muscle and
Torpedo electric organ. The antiboeies showed immunocytothemical
1oif-iation of AChE at the neuromuscular junction of chicken and
quail. Using the AChE- and SuChE-specific mAbs, the amounts of

homogenous BuChE and hybrid ACh'EuChE asymrctric enzymes in the I-
day old-muscle crude extracts could be compared.
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GLYCOLIPID ANýCHO1RAGE OF A TAILED ASYMMýETRIC 16S
ACETYLCHOLINESTERASr- VARIANT IN RAT SUPERIOR
CERVICAL GANGLION NEUJRONAL MEMBRANES.
Martine VerdR~re--Sahuqui Luis Garcia , Patrick A.
Dreyf us and Franteoi Rieger

ftInserm U. 153, Paris - France.
**Present address, Dept. of Chemical Biology, Hebrew

University, :Jerusalem - Israil.

Tailed asymmetric 165 acetylcholine-terase (AChE
EC 3.1.1.71 Is present In rat superior cervical ganglion (SCG)
neurons In vivo and in -sitro. Two rnools of 165 AChE can be
revealed by dJI-iferentrllex-traction :one, classicaily, by high
salt (HS) and another one by detergent treatment. The
detergent extractible (DE) 165 AChE constitutes a significant
proportion of total SCG neuronal 16S AChE (30 %). Upon
preirw ubation in the presence of Bacillus Cereus phospholipase
C (EZ 3.1.4.3.) DE 16S AChE Is quantitatively released

from a SCG mneirbrane preparation suggesting that it exists a
specific pool of 165 AChE attached to the neironal
membranes through a phospholipid anchor.

Moreover, exposure of the membranes to a
phospJhatidyl inositol specific phospholipase C (PiPLC ;
monoplhosplhat Idyl Inositol phosphodiesterase ; EC 3.1.4.10)
results in the releas~e of up to one-third of the DE pool of
165 AChE. Thus, at least part of DE 16S AC~iE is anchored
to r'euronal membranes through a phosphaticlyl-inositol
glycolipid. Furthermore, by studying 1) SCG pretreated by an
irreversible AChE inhibitor, methylphosphorothiolate (M PT) in
the presence of a reversible non-perfneant inhibitor (8W 284
C 51 cor~tpound) In order to protect extracellular AChE and
2) primary neuronal SCG cultures in which 165 AChE is
essentially Internal, we found that both external and internal
AChE had a pool of BE 165 AChE released by PIPLC. Thus,
a phosph~ttdyl inositol glycolipid can anchor both external
and internal DE 165 AChE.

Thete rzsu~tz ;uge- cot iniernai a~ssrnttiv of P!
containing residues with the AChE polypeptides and makes
plz-isible the occurrecne )f differential splicing cA mRNAs
orkginating from a single AChE gene.
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CHOLINESTE•.ASE SYý.THESIS IN DEVELOPING HUIHIN OOCYTES REVEALED BY IN SITU HYBRIDIZATION TO
F1ROZEN OVAR]AN SECTIONS

H. Zakut*, 0. Malinger* and H. Soreq+
*Department of Obstetrics and Cynaecclogy. The Edith Wolfson Medical Center, Hclon. The
Sackler Faculty of Medicine, Tel-Aviv University,
-Department of Biological Chemistry, lhan Life Sciences Institute, The Hebrew University.
Jerusalem, Israel.

In addition to their well known involvement in neuromuscular junctions and in brain
cholinergic synapses, cholinergic mechanisms have bn.en implicated in the growth) and
maturation of' oocytes and In f"rtilization processes in various species LI]. Functional
acetylcholine receptors were electrophysiologically demonstrated in amphibian and
mammalian oocyte membranes [2,3] end cholinergic antagonists were shown to interfere with
fertilizntion [4). The neurotransmitter acetylcholine was detected in mammalian sperm
cells [51 and activity of the acetylcholine hydrolyzing enzyme, acetylcholinesterase
(AChE) was biochemically measured in the exceptionally big oocytes of the frog Menopus
leevis [6.7). However, biochemical methods could not reveal whether AChE was produced
within the oocytes themselves or in the surrounding follicle cells. Furthermore, this
issue is particularly iaportant for understanding growth and fertilization processes in
the much smaller human oor.ytes. in which the sensitivity of AChE biochemical measurements
is far too low to be euployed.

To directly determfne whether the human cholinesterase (ChE) genes are
trenscriptionally active in oocytes. and. if ao. at what stages in their development, the
presence of ChEmHNA was pursued. For this purpose frozen ovarian sections were subjected
to in sn.tu hybridization using (35S)-labeled human ChEcDNA. Highly pronounced
hybridization signals were localized within oocytes in primordial. pre-antral and antral
follicles, but riot in other ovarian cell t..pes, demonstrating thst within the human ovary
ChEreRA is selectively synthesized in viable oocytes at different developmental stages.
Sucrose gradient centrifugation followed by (3H)-acetylcholine hydrolysis measurements
revealed in the ovarian extracts the presence of low levels of Loluble AChE dimers.
sensitive to the specific AChE inhibitor BW284C51 but resistant to the BuChE inhibitor
iso-OMPA [8). In view of the low numbers of oocytes out of total cells in the ovary, these
findings stm'--Iv suggest that AChE is a proninent protein in human oocytes throughout
Lheir tv•v F•.iet and ,ur;.thsr nupp-oýrt h. Vi-ythp.is that cholinerfic mechanisms may be
involved in oocyte growth and maturation widjor in spmai-egg interacticn in h.zan.

Furthermore, the pronounced synthesis of ChE transcripts in oocytes suggests that the
ChE genes are particularly good candidates for the formation and re-inseition of
inheritable processed genes.
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CMC'.$0SCMAL MAPPING OF HUMAN CHOLINESTERASE GENES BY IN SITU HYBRIDIZATION

Pcnit Zamir*%, Lilinna Sindelb, Haim Zakut. aaid He.mona Soreq*
"lepertent of Biological Chemistry. The Life Sciences Institute. The Hebrew University,
:erusalem 91904
-Department of Cbstetrics and Gynecology. The Edith Wolfson Medical Center, Holon,
The Sackler Faculty of Medicine. Tel Aviv University. Israel.

In order to map the structural human ChE genes to distu':t chromososal regions,
a cloned human cDNA for cholinesterase (ChE) [1] was used a a probe for in situ
hybridization to chromosomes. Fo-. this purpose, lymphocyte chromosome spreads were
pSepared following short-term culture. and hybridized with ChEcDNA fragments labeled with
(['S) by different techniques. These included direct labeling of electrophoretically
purified cDNA inserts by nick-translation, synthesis of a labeled second DNA strand to
this cDNA subconed into the single-stranded M13 phages, in vitro transcription of such
cDNA into labeled RNA and the use of random oligonucleotides as primers for DNA polymerase
! synthesis. Following the hybridizatitn procedure 12]. chromosome spreads were exposed
under photography e:ulsion to create silver grains in sites of hybridization and were then
R-banded to enable karyotype analysis and to localize specific silver grains on particular
chrcmosome regions. Using this analysis, the recent genetic linkage assignment of the CHEi
ere to the long arm of chromosome 3 [3J was confirmed and further refined to 3q21-q26. in
.cse proximity to the genes coding for transferrin (TF) [4] and transferrin receptor

(78FC) [5). The CHEf locus localizes to a 3q region that is cormonly abterruted, eýd
:elated with abnormal megakaryocyte proliferation, in acute myelcdysplastic anozalies [6].
In view of earlier findings that ChE inhibitors induce megalcaryocytopoiesis in culture
[7,8), this localization may indicate that ChF•- are involved in regulating the
differentiation of megakaryocytes. Cummulative histograms of in situ hybridization of
ChEcNA to chromosome No. 3 further sugaest that there might be two sites ý.arrying ChE
sequences on the long arm of this chromosome.

A second site for ChEcDNA hybridization was round on chromosome 16qll-a23.
demonstraetng that the ChE2 locus of tlhe cholinester&se gene, which directs the productin--
of the coumon C5 variant of serum ChE [9). also codes for a structural subunit cf the
enzyme and is localized on the same chromosume with the haptoglobin (HP) gene [10]. both
genes found on the long arm of chromosoma 16. Further in situ hybridization experiments
using numan hapcoglobin cDNu (Lrrtefullv received from Drs. c_ OlivierQ Lnd fl, Certese)
revealed that these two genes are at least 1000 kb apart from each other.The findhng of
various sites for CýrcDNA hyoridization [12] suggests that the different locd ccding for
human ChEs may include non-identical sequences, iesponsible for the bioche=ical
differences between ChE variants.
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ANTIBODIES TO CLONE-PRODUCED HUMAN CHOLIN STE'ASE, In•TBACTICN W1IH DENATU1ZD AND NATIVE
CHOLIN.STERASES AND WITH THYROGLOBULIN

Rivka Zisling÷, Patrick Dreyfus*, Shlomo Seiman#. Dina Zevin-Sonkin÷, Hair Zakute and
Hermon& Soreq-

Department of Biolcgical Chemistry, The Life Sciences Institute. The Hebrew University.
Jerusalem 91904
'Department of Obstetrics and Gynecology. The Edith Wolfson Medical Center. Holon. The
Sackler Faculty of Medicine. Tel Aviv University. Israel.

In1 order to study the polymorphism of human cholinesterases (ChEs) at the levels of
primary sequence and structure, a fragment or human butyrylchollneaterase (BuChE)cDNA [13
was subcloned into the pEX bacterial expression vector [2) in conjunction with the
ýi-alactosidase gene. The production of tusion prmtein from this plasmid was iaduce'J tn1e
its polypeptide product analyzed. Gradient gel electrophoresis followed by immunoblot
analysis revealed that the clone-produced BuChE peptides interact specifically with
antibodies against human and Torpedo acetyleholinesteisas., (AChE1 (gratefully received from
Drs. U. Brodbeck and P. Taylor, respectively). Rabbit polyclonal antibodlieB were then
prepared against the purified clone-produced BuChE polypeptides and were subjected to
immunoblots with denatured serum BuChE as well as with purified and denatured erythrocyte
AChr (gratefully received from E. Schmell). In contrast, these antibodies interacted
differently with various ChEs at their native forms. Native BuChE tetramers from human
serum, but not AChE dimers from erythrocytes, interacted with these antibodies to produce
anetibody-enzyme complexes which could be precipitated by second antibodies and which
sedimented faster than the native enzyme in sucrose gradient centrifugation, Similar
analysis revealed changes in the sedimentation pro.ertias of both AChE and BuChE dimers
from muscle extracts, but not of any other form of muscle ChE. These findings demonstrate
that the polymorphic human ChEs share sequence homologies and suggest the existence of
considerable structural differences between various molecular forms of ChE within
particular tissues, as well as between similarly sedimenting molecular forms of ChE f:om
diffezrent tissues.

In addition to the homologies between various ChEs from different species, molecular
cloning studies have recently revealed impressive sequence homologies between bovine
thyroglobulin (Tg) [3] and Toredo [43 and human [53 ChEs, suggesting tiat
hyperthyv'riedism-induced autoantibodies to Tg in the serum of Grave's ophthalsopathy
patients may w•oi-interac- with LAha and outym choi- eyutoms [6]. To'examine this
hypothesis, the polypeptide products of human ChEcDNA expressed in bacteris wer, separated
by SDS-polyacrylamide gel electrophoresis. blotted onto nitrocellulose and incubated with
rabbit anti-Tg antibodies, as well as with IgG fractions from the serum of 9 patients
1ýfering from Grave's ophthalmopathy and 6 clinically healthy controls. Incubation with

I-protein A end autoradiography revealed specific Immunoreaction between the rabbit
anti-Tg antibodies and human ChE-derived peptides. Antibodies to the ChE peptides were
clearl; detected in the ereru of 7 out of the 9 patients but not ir. the controls.
Reciprocal analyses with the rabbit antibodies elicited against the human ChE-derived
peptides and against purified rat brain AChE [71 (gratefully received from 3. Massoulie
and M. Vigny), revealed that both antibodies interact specifically with purified human Tg
(in collaboration with M. Ludgate and G. Vassart).
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To farther reveal whether the anti-ChE antibodies may interact in situ with C:Es in
neuromuscular junctions, bundles of muscle fibers Were microscopically dissected from the
region in fetal human diaphragm which is innervi5id by the phrenic nerm. .Muscle fibers
incubated with the examined antibodies and with .- I-protein A were subjected to emulsion
autoradiography, followed by cytochemictl ChE staining. The anti-ChE abtibodies crested
patches of silver grains in the muscle endplate region stained for ChE. To this end, the

anti-cloned ChE artibodies. as well as six of the above described patient sera and anti-Tg
antibodies, were examined end found positive, using this technique. This was performed
under conditions where control sera do not induce the appearance of silver grains at
endplate regionss. Our findings demonstrate that the sequence homology between Tg and ChE
is physiologically significant. and suggest that autoantibodies to Tg may cross react with
ChEs and be implicated in creating cholineraic symptoms in Grave's ophthalmopathy
patients.
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